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ABSTRACT 
Access to safe water represents one of the most important basic human needs of the Pal-
estinian people and is vital to a growing economy and a healthy population. The quality 
of the pumped groundwater is the main concern. 
 The groundwater in the Gaza Strip has deteriorated over the past thirty years both in 
terms of quality andquantity.During the last years; water quality has deteriorated and 
became unsuitable for human consumption in most parts of the strip. To face this prob-
lem, the citizens and the authority in Gaza Strip use many options; the major of these 
options is water desalination where the reverse osmosis (RO) technology is applied. 
Water desalination, which is widely applied in the strip, has environmental and health 
risks and the produced fresh water with very low chemical concentrations. 
For existing desalinated plants, water safety plan (WSP) is very important to identify 
potential risks and available barriers in their systems and support the introduction of a 
preventive risk management approach to problems that could have an impact on the 
quantity and quality of water supplied. 
 
WSP is a process control oriented management system that can help water suppliers to 
produce and deliver good and safe drinking-water, contributing in this way to improve 
public health protection. 
 
The adopted methodology depends on many approaches that were used in an integrated 
manner to achieve the objectives of this research. 
Data was collected through consumer‟s questionnaire, interviews conducted with many 
of the owners and operators of the private desalination companies and interviews with 
desalinated water vendors. Also, chemical and biological water samples were conducted 
to investigate the properties of the desalinated water in water distribution stages (water 
source, delivery trucks and home tanks). 
 It is found that 40% of the delivery trucks and 20% of the home tanks were infected by 
microbiological pollutants. 
The study proved that WSP is not applied in the Middle Governorate where number of 
actions needed to secure safety of drinking water. Also, the study confirmed that the 
main hazardous events in the desalination water distribution system were at the second 
and last stages in the system (delivery trucks and home tanks); this is due to the lower 
level in the public awareness among consumers and water vendors about the hygiene 
and the risks of water pollution on the public health. 
In case of monitoring and assessment, the studies confirmed the importance of monitor-
ing and follow up of the desalination plants in Gaza Strip to pursue the compliance of 
these desalination plants to conditions and terms of water quality that agreed on. 
 
 The study advises to coordinate between all the parties involved in water issues such as 
(decision makers, water experts, water research centers, municipalities and lawyers) to 
confirm the implementation of WSP in Gaza Strip.  
 
Palestinian Authorities and institutions need to take the initiative and create a national 
framework for safe drinking water with effective guidance and regular external audit of 
WSP and improved registering of information on water quality, compliance to legal re-
quirements and contamination events are recommended. 
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 الخالصة
َؼزجش اٌّبء ِٓ اهُ االؽزُبعبد األسبسُخ ٌٍفٍسطُُٕٓ وهى ظشوسٌ اللزصبد ِزٕبٍِ وٌصؾخ اٌسىبْ. اْ عىدح اٌُّبٖ 
ػبِب ِٓ ٔبؽُخ اٌغىدح واٌىُّخ  22لطبع غضح رذهىسد ِٕز  اٌغىفُخ هٍ أهُ عضء وٌىٓ اٌُّبٖ اٌُّبٖ اٌغىفُخ فٍ
,وخالي اٌسٕىاد األخُشح رذهىسد اٌُّبٖ اٌغىفُخ ثشىً وجُش وأصجؾذ غُش ِالئّخ ٌالسزخذاَ اٌجششٌ فٍ ِؼظُ 
 ِٕبغك اٌمطبع.
ثزمُٕخ  ٌّىاعهخ هزٖ اٌّشىٍخ اسزخذِذ اٌسٍطبد واٌّىاغٕىْ فٍ لطبع غضح ػذح خُبساد ِٓ أهّهب رؾٍُخ اٌُّبٖ
اٌزٕبظؼ اٌؼىسٍ. اْ رؾٍُخ اٌُّبٖ اٌّزسخذِخ فٍ عضء وجُش ِٓ لطبع غضح ٌهب ِخبغش صؾُخ وثُئُخ وّب أْ ػٍُّخ 
 اٌزؾٍُخ رٕزظ ُِبٖ ِؾالح رؾزىٌ ػًٍ وُّبد لٍٍُخ ِٓ األِالػ اٌزائجخ ِّب َؤصش ثشىً سٍجٍ ػًٍ صؾخ االٔسبْ.
عىدح فٍ ػٍُّخ رىصَغ ُِبٖ اٌزؾٍُخ وّب أهب رؼًّ ػًٍ ِٕغ األسجبة اْ خطخ أِٓ اٌُّبٖ ِهّخ عذا ٌزؾذَذ اٌّخبغش اٌّى
اٌزً رؤصش ػًٍ عىدح اٌُّبٖ. هزٖ اٌخطخ ػجبسح ػٓ ػٍُّخ اداسح ٌٕظبَ رىصَغ اٌُّبٖ ورؼًّ ػًٍ رّىُٓ ِىصػٍ اٌُّبٖ 
 ِٓ أزبط ورىصًُ ُِبٖ عُذح وإِٓخ ِّب َؤدٌ اٌٍ ؽّبَخ صؾخ اٌّسزهٍىُٓ.
ٍ اٌجؾش رؼزّذ ػًٍ ػذح غشق رُ اسزخذاِهب ثصىسح ِزىبٍِخ ٌزؾمُك أهذاف اٌجؾش . رُ عّغ إٌّهغُخ اٌّسزخذِخ ف
اٌجُبٔبد اٌالصِخ ِٓ خالي اسزجبٔخ ٌٍّسزهٍىُٓ فٍ إٌّطمخ اٌىسطً ٌّؼشفخ وعهخ ٔظشهُ ؽىي لعبَب رخص 
ُخ اٌخبصخ ثبالظبفخ ِىظىع اٌجؾش , وّب رُ ػمذ ػذح ِمبثالد ِغ ِغّىػخ ِٓ اٌّبٌىُٓ واٌّشغٍُٓ ٌّؾطبد اٌزؾٍ
اًٌ ثؼط ثبئؼٍ اٌُّبٖ واَعب رُ ػًّ ػذح فؾىصبد ثُىٌىعُخ ثبالظبفخ اًٌ االسزؼبٔخ ثٕزبئظ فؾىصبد وُُّبئُخ رُ 
 ػٍّهب ؽذَضب ِٓ لجً وصاسح اٌصؾخ ٌّؼشفخ خصبئص اٌُّبٖ فٍ عُّغ ِشاؽً رىصَؼهب .
وّب ثُٕذ اْ رٍىس اٌُّبٖ َزشوض فٍ اٌّشؽٍخ اٌضبُٔخ  أصجزذ اٌذساسخ اْ خطخ أِٓ اٌُّبٖ غُش ِطجمخ فٍ ِٕطمخ اٌذساسخ,
و آخش ِشؽٍخ ِٓ ػٍُّخ رىصَغ اٌُّبٖ " سُبساد رىصَغ اٌُّبٖ وخضأبد اٌّسزهٍىُٓ" ورٌه َشعغ اًٌ لٍخ اٌىػٍ ٌذي 
 اٌّسزهٍىُٓ ؽىي صؾخ االٔسبْ وِخبغش رٍىس اٌُّبٖ.
َ ِٓ اٌسٍطبد اٌّؼُٕخ ؽىي ِشالجخ وِزبثؼخ هزٖ اٌّؾطبد ِٓ ٔبؽُخ اٌّشالجخ واٌّزبثؼخ ثُٕذ اٌذساسخ ػذَ وعىد اهزّب
 ثشىً دوسٌ.
رٕصؼ اٌذساسخ ثؼًّ رٕسُك شبًِ ثُٓ عُّغ اٌغهبد اٌّؼُٕخ ِٓ أصؾبة لشاس وخجشاء وثبؽضُٓ وثٍذَبد وغُشهُ 
طجُك ٌزطجُك خطخ آِ اٌُّبٖ فٍ لطبع غضح وّب اْ اٌسٍطبد َغت ػٍُهب اٌؼًّ ػًٍ أشبء ٌغٕخ وغُٕخ رؼًّ ػًٍ ر
اعشاءاد صبسِخ ٌٍؼًّ ػًٍ رىصًُ ُِبٖ إِٓخ وصؾُخ ٌٍّسزهٍىُٓ ِٓ خالي فشض لىأُٓ رٍضَ أصؾبة ِؾطبد 
اٌزؾٍُخ ثبالعشاءاد اٌّطٍىثخ ِٕهُ وأَعب رؼُُٓ ِذلك خبسعٍ َؼًّ ػًٍ ِزبثؼخ هزٖ اٌخطخ ورسغًُ ِؼٍىِبد 
 اٌصؾُخ.ثشىً دوسٌ ؽىي عىدح اٌُّبٖ وِذي ِالئّزهب ٌٍّزطٍجبد اٌمبٔىُٔخ و
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CAHPTER 1 :  Introduction 
 
1.1 Background 
Water is essential to sustain life, and a satisfactory (adequate, safe and accessible) sup-
ply must be available to all. Improving access to safe drinking-water can result in tangi-
ble benefits to health. Every effort should be made to achieve a drinking-water quality 
as safe as practicable. Safe drinking-water, as defined by the World Health Organization 
(WHO) standard, does not represent any significant risk to health over a lifetime of con-
sumption, including different sensitivities that may occur between life stages. Access to 
safe water represents one of the most important basic human needs of the Palestinian 
people and is vital to a growing economy and a healthy population. The quality of the 
pumped groundwater is the main concern. The groundwater in the Gaza Strip has dete-
riorated over the past thirty years both in terms of quality and quantity (WHO, 2008). 
Gaza Strip suffering from the huge increasing in population which depends mainly on a 
ground water. During the last years, water quality has deteriorated and became unsuita-
ble for human consumption in most parts of the strip. 
To face this problem, the citizens and the authority in Gaza Strip use many options; the 
major of these options is water desalination where the reverse osmosis (RO) technology 
is applied (Aish, 2010). 
For existing desalinated plants, water safety plan (WSP) is very important to identify 
potential risks and available barriers in their systems and support the introduction of a 
preventive risk management approach to problems that could have an impact on the 
quantity and quality of water supplied (WHO, 2011) 
This research studies the situation of desalinated water in Middle Governorate; in addi-
tion it identifies when and where the hazards are occurred, provide guidance on appro-
priate risk assessment and risk management procedures in order to ensure the safety of 
desalinated drinking water. 
1.2 Problem Statement 
Palestine and Gaza Strip in special, is among the countries with the scarcest renewable 
water resources per capita due to both natural and artificial constraints, amounting to 77l 
/c/day. This far below the per capita water resources available in other countries in the 
MS.c Thesis- M. AlAzaiza                                                                              Page | 2 
Middle East and the world. Moreover, the available water quality is very bad. The 
groundwater is the main water resource in the Gaza Strip. The aquifer is intensively ex-
ploited through more than four thousands of pumping wells. As a result of its intensive 
exploitation, the aquifer has been experiencing seawater intrusion in many locations in 
the Gaza Strip (Abu Mayla et al., 2009). 
One of the major options for resolving the water problems is the utilization of desalina-
tion technology for both sea and brackish water. In Gaza Strip more than 90% of the 
population depends on the desalinated water for drinking purpose. There has been dis-
semination of many small scale brackish water desalination plants in the Gaza Strip 
(private RO plants) (Aish, 2011).  
However, the desalination process in addition the storage of the desalinated water has 
no monitoring and assessment, so the desalinated fresh water may be contain some pol-
lutants or the concentration of  dissolved chemical compounds are not within the stand-
ard. Because of that, the need of the monitoring, assessment, and provide safety plan of 
the desalination systems have extended to obtain water quality according to WHO 
standard, prevent water borne diseases and to save the public health. 
 
1.3 Objectives 
The main objectives of this research is to develop safety plan for desalinated water 
use in Gaza Strip 
To be more specific, the objectives of this research are: 
 To assess the water supply system from desalination plant to tap. 
 To identify the hazards that may be introduced at each stage (source, distribution 
and storage). 
 To provide guidelines on risk assessment and risk management procedures in 
order to ensure the safety of desalinated drinking water. 
1.4 Methodology 
It is intended to achieve the objectives of the study by the following steps: 
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a. Literature review 
Revision of accessible references as books, studies and researches relative to the topic of 
this research which may include: desalination systems, the steps of water safety plan, wa-
ter quality analysis in Gaza Strip, etc. 
b. Data collection 
Data gathering from relevant authorities such as Palestinian Water Authority (PWA), 
Coastal Municipalities Water Utility (CMWU), Ministries and others that includes details 
and time series data about different influenced parameters and elements. 
c. Questionnaires: 
Data was collected from three types of questionnaires, the first questionnaire concerned to 
the owners of the desalination plants, the second questionnaire concerned to the water 
vendors and the third questionnaire concerned to desalinated water consumers. 
d. Water Sample collection and analysis 
Water samples collected from different desalination plant for chemical and biological wa-
ter analysis. After collecting the samples, microbiological analysis was performed for the 
water samples. 
e. Data Analysis  
Establishing a connection between what have been implemented and the result of samples 
analysis. Assessment of situation based on the available indicators and criteria is made. 
f. Utilization of Assessment data 
The assessment data will be used to illustrate the required step that needed to be imple-
mented in order to achieve the desired safety plan. 
  
























Figure ( 1-1): Methodology Chart 
1.5 Thesis Outline 
The thesis is composed of the following eight chapters that cover the proposed sub-
ject as illustrated below: 
1. Chapter One (Introduction):  Chapter one include a general background about 
desalination and water safety plan follows by statement of the problem, objec-
tives, methodology used in order to achieve the objectives and thesis outline. 
 
Literature review 




 Interview with DP owners. 
 Interview with Water Vendors. 
 Consumers Questionnaire. 
 Historical data for  DP water 
samples analysis. 
 Samples from delivery trucks. 
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2. Chapter Two (Literature Review): Chapter two covers a general literature re-
view fordrinking water safety plan , the objectives of WSP and the basic stages 
of WSP,some case studies in different countries that apply the water safety plan 
and the lessons learned from these countries. 
3. Chapter Three (Study Area): Chapter three describes the study area with re-
spect to its location, population, topography, climate and rainfall, geology and 
the situation of desalination and desalination plants in the study will be covered 
and the related studies about the desalination in general in Gaza Strip. 
4. Chapter Four (Methodology): Chapter four discusses the methodology of 
study including data collection, data analysis and preparation, sample collection 
and analysis. 
5. Chapter Five (Results and Discussion): Chapter five presents the situation of 
the desalination and the situation of the drinking water distribution from the 
questionnaires, interviews and water sample analysis. 
6. Chapter Six (Water Safety Plan in Gaza Strip): Chapter six presents the pro-
posed WSP in Gaza Strip and how to apply this plan in Gaza Strip. 
7. Chapter Seven (Conclusions and Recommendations): Chapter seven presents 
the main conclusions and recommendations of study. 
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Water demand in Palestine, in general and in the Gaza strip, in particular is rapidly in-
creasing. The water resources are limited, compared to the continuous of groundwater 
that much exceeds the renewable amount that replenishes the groundwater reservoir. 
This leds to continuous decline of groundwater levels and deterioration of water quality 
from both seawater intrusion and deep salt-water up coning .To achieve sustainable use 
of groundwater system, there is a need to reach balance between the water discharge, 
naturally to sea and across the border, and artificially by human activities, and water 
recharge, also natural and artificial (PWA, 1998). 
Water is an important resource for use of mankind. It is essential for agricultural and 
industrial growth, as well as for supporting growing populations who require a safe 
drinking water supply. Increasing demand for water is a global problem. Natural re-
sources cannot satisfy the growing demand for low-salinity water with industrial devel-
opment, together with the increasing worldwide demand for supplies of safe drinking 
water. In addition, the rapid reduction of subterranean aquifers and the increasing salini-
ty of these non-renewable sources will continue to exacerbate the international water 
shortage problems in many areas of the world. This problem can be solved with differ-
ent solutions like, the economical use of water, reducing distribution losses, and using 
the recycled water but if there is still a shortfall then desalination of seawater or brack-
ish water may be the option (Temperely, 1995). Desalination techniques are capable of 
providing the solution, and have already become an acceptable solution for shortages in 
conventional water resources (Al-Shayji, 1998). Miller (2003) pointed that desalination 
has now been practiced on a large scale more than 50 years. The most effective means 
of consistently ensuring the safety of a drinking-water supply is through the use of a 
comprehensive risk assessment and risk management approach that encompasses all 
steps in water supply from catchment to consumer. In these Guidelines, such approaches 
are called water safety plans (WSPs).(Davidson et al., 2002) 
 
MS.c Thesis- M. AlAzaiza                                                                              Page | 7 
2.2 Water Safety Plan (WSP) 
A Water Safety Plan (WSP) is the most effective way of ensuring that a water supply is 
safe for human consumption and that it meets the health based standards and other regu-
latory requirements. It is based on a comprehensive risk assessment and risk manage-
ment approach to all the steps in a water supply chain from catchment to consumer 
(DWI, 2005). 
The WSP methodology presents a pattern change in that the water utility companies 
now focus on the entire chain of the water supply system, from the water source for ex-
ample, aquifer or surface water to the point of household use. 
Likewise, another change in the paradigm is that the WSP process advocates for more 
operational monitoring in addition to monitoring of treated water quality. The method-
ology recommends an intense effort to identify and understand how hazards affect the 
system, the development of control measures to mitigate these hazards, and the imple-
mentation of an operational monitoring system to verify the functionality of control 
measures throughout the entire water supply chain (Hubbard, 2009). 
2.3 The objectives of WSP 
The objectives of Water safety plan are to ensure safe drinking-water through good wa-
ter supply practice, that is: 
 To prevent contamination of source waters; 
 To treat the water to reduce or remove contamination that could be present to the 
extent necessary to meet the water quality targets; and 
 To prevent re-contamination during storage, distribution and handling of drink-
ing-water (Vieira, 2005). 
2.4 Desalination and water safety plan 
Desalination is increasingly being used to provide drinking-water under conditions of 
freshwater scarcity. Water scarcity is estimated to affect one in three people on every 
continent of the globe, and almost one fifth of the world‟s population live in areas where 
water is physically scarce. This situation is expected to worsen as competing needs for 
water intensify along with population growth, urbanization, climate change impacts and 
increases in household and industrial uses. 
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Desalination may be applied to waters of varying levels of salinity, such as brackish 
groundwater, estuarine water or seawater; in some regions, it forms the primary source 
of drinking-water. At its origins, desalination technology was primarily thermal, by 
flash distillation, but as a result of technological advances, membranes have become a 
more cost-effective alternative that is increasingly being selected for new systems. 
Many thermal plants remain in use. Saline sources are different from freshwater sources 
in that they always require a substantive treatment step. However, while the desalination 
process usually provides a significant barrier to both pathogens and chemical contami-
nants, this barrier is not necessarily absolute, and a number of issues could potentially 
have an impact on public health. Some of these are similar to the challenges encoun-
tered in most piped water systems, but others, such as those related to stabilizing and 
remineralizing the water to prevent it from being excessively aggressive, are different 
and therefore must be addressed within the context of a site-specific health risk man-
agement plan (WHO, 2011) 
As with any drinking-water supply, the development of a WSP is an essential first step 
in the provision of safe drinking-water (Figure 2.1). For any new system, development 
of a WSP should be initiated at the planning phase and carried through as the plant is 
built and commissioned. For existing plants, WSPs are equally important, as they help 
to identify potential risks and available barriers in their systems and support the intro-
duction of a preventive risk management approach to problems that could have an im-
pact on the quantity and quality of water supplied. 
  



























Figure ( 2-1): Framework for safe drinking-water (WHO, 2011) 
A WSP maps the water supply system from catchment to tap to facilitate a thorough un-
derstanding of the system, including all its steps and stages, identifies the hazards that 
may be introduced at each stage and determines the risks associated with those hazards. 
Hazards are physical, microbial and chemical contaminants that could have an impact 
on health or adversely affect the acceptability (e.g. taste and odor) of the water to con-
sumers. Hazards may also be substances or circumstances that threaten the operation of 
the desalination plant. The risks may be the potential for a particular hazard to reach the 
consumer in numbers (pathogens) or concentrations (chemicals) that will result in ill-
Health- based targets 
 Set by national authorities and 
based on an evaluation of health 
concerns 
Public health con-
text and health 
outcome 
Water Safety Plans 
Prepared, implemented and regularly revised by the water supplier 
comprising: 
 Mapping the water supply system. 
 Identify the hazards and assessing the risks from catchment to consum-
er. 
 Implementing needed improvements. 
 Monitoring and confirming adequacy of preventive control measures. 
 Reviewing the water safety plan and developing supporting processes. 
 Documenting all of the above and establishing management and com-
Independent surveillance 
 Undertaken by the regulator on all aspect s 
of drinking water safety, including external 
auditing of the water safety plan and verifi-
cation monitoring.  
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ness or the water becoming unacceptable. This may include the risk of exceeding the 
current drinking-water standards in a given country. In addition to technical considera-
tions, a WSP also entails essential management components, such as training, maintain-
ing records, documentation and periodic review of operating procedures to enhance the-
operation and management of the water supply system. Table (2.1) illustrates the key 
elements of a WSP for desalination (CDC, 2008). 
Table ( 2-1): Elements of a water safety plan for desalination (WHO, 2011) 
No Component Action 
1 Description of the system, including 
the water source and sources of haz-
ards. 
Thoroughly understand and document the 
system from the source to the tap. 
2 Assess the risks of hazards reaching 
consumers in numbers or concentra-
tions of concern, and ensure that 
steps are in place to mitigate the 
risks. 
Determine the pathogens or chemicals that 
could be introduced at each stage, and en-
sure that barriers or operational procedures 
are in place to reduce the risks to meet 
health-based targets. 
3 Ensure that the barriers are working 
efficiently at all times, and develop 
procedures for responding when ef-
ficiency starts to fall. 
Develop operational monitoring to demon-
strate that processes are working efficiently 
and an alert system to warn upon a decrease 
in effectiveness. 
 
4 Verification that the WSP is working 
adequately and that a safe and ac-
ceptable supply of drinking-water is 
delivered. 
Analyze key indicators of water quality and 
safety, and assess against appropriate stand-
ards and guidelines. 
5 Develop supporting programs. Activities in such programs are tailored to 
the 
specific needs and priorities of the water 
supply 
system and may vary from consumer educa-
tion and community engagement to work-
force training programs. 
6 Periodically review the WSP, and 
update the WSP in the wake of 
problems or emergencies 
Ensure that operation and management pro-
cedures are kept up to date and revised to 
incorporate lessons learnt. 
 
2.5 The basic stages of a Water Safety Plan 
Before we manage a water supply system to maintain safe water quality, we should un-
derstand the clear concept of what constitutes „safe‟ drinking water. We should aspire to 
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achieve a particular outcome as the benefit of maintaining water quality. This outcome 
may be based on the incidence of diarrheal diseases in the community (and how healthy 
people generally feel, especially with regard to freedom from diarrhea), including the 
more serious water-related diseases, such as cholera and typhoid. 
The Water Safety Plans has basic stages consist of: (CDC, 2008) 
 Assemble the WSP team. 
 Describe the water supply system. 
 Identify hazards and hazardous events and assess the risk. 
 Determine and validate control measures, reassess and prioritize the risks. 
 Develop, implement and maintain an improvement /upgrade plan. 
 Define monitoring of the control measures. 
 Prepare management procedures. 
 Develop supporting programs. 
 Plan and carry out periodic review of the WSP. 
 Revise the WSP following the incident  
2.5.1 Assemble the WSP team 
The first stage of a WSP is to assemble a team of experts who will undertake the as-
sessment of the water supply from catchment to consumer. This should be a multidisci-
plinary team including managers, scientists (e.g. hydro geologists, microbiologists, 
chemists) engineers (e.g. from operations, maintenance, design and capital investment) 
and technical staff involved in the day-to-day operation of the supply. The latter are es-
sential as very often it is those members of staff who undertake work on the system eve-
ry day who have the greatest knowledge about the problems that exist. A senior member 
of the team (usually the risk manager) should be appointed to help guide and direct the 
team in the study and this person should be able to either make decisions regarding in-
vestment or be able to influence others in the improvement of performance. The devel-
opment of the WSP and supporting programs (which will typically involve actions by 
other stakeholders, such as environmental protection agencies) is generally most effec-
tively implemented when the skills required are drawn from a range of stakeholders. For 
groundwater, this will include representatives of agencies responsible for assessing the 
impact of pollution and implementing controls on land-use. This may be particularly 
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important when identifying control measures within catchments where the water suppli-
er does not own the land. Thus the WSP team can act as catalyst for collaboration with 
different stakeholders and establish a sense of mutual ownership for controlling contam-
inants at their source(Howard and Schmoll, 2006). 
2.5.1.1 Preparation of WSP team: 
1. Engage senior management, and secure financial and resource support. 
2. Identify the required expertise and appropriate size of the team. 
3. Appoint team leader. 
4.  Define and record the roles and responsibilities of the individuals on the team. 
5. Define the team frame to develop the WSP. 
2.5.2 Describe the water supply system 
The key to the implementation of a successful WSP is gaining a thorough understanding 
of the entire water supply system (Godfrey et al., 2005). The first task of the WSP team 
is to fully describe the water supply. Where utilities do not already have documentation 
of the water system, it is essential that field investigations are conducted. The objective 
is to ensure that subsequent documentation of the nature of the raw, interim, and fin-
ished water quality, and of the system used to produce water of the quality is accurate to 
allow risks to be adequately assessed and managed. While it is accepted that there may 
be some room for a generic approach to be taken where works are very similar, or 
where liaison with outside bodies remains the same for a number of water supplies, each 
supply must be assessed in detail on its own. Data should be gathered specifically for 
that supply, and all other steps taken leading to a WSP should be exclusive to that par-
ticular supply. Many utilities will already have extensive experience of their water sys-
tem and hold relevant documentation. In this case, the WSP will simply require this to 
be systematically reviewed to ensure it is up to date and complete and checked for accu-
racy by a site visit. (Howard and Schmoll, 2006) 
A detailed description of the water supply system is required to support the subsequent 
risk assessment process. It should provide sufficient information to identify where the 
system vulnerable to hazardous events, relevant types of hazards and control measures.  
The following should be included in the description but it is not an exhaustive list, nor is 
every point relevant for each water supply system: (Maria, 2012) 
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 Relevant water quality standards. 
 The source(s) of water including the runoff and/or recharge process, and if             
applicable, alternative sources in case of incident. 
 Known or suspected changes in source water quality relating to weather or other 
conditions. 
 Any interconnectivity of sources and conditions. 
 Details of the land use in the catchment. 
 The abstraction point. 
 Information related to the storage of water. 
 Information related to the treatment of the water, including the processes and 
chemicals or materials that are added to the water. 
 Details of how the water is distributed including networks, storage and tankers. 
 Description of the materials in contact with water. 
 Identification of the users and uses of water  
Also, it should provide a full description for water supply systems. These descriptions 
provide the water safety plan team with an overview of the supply and an initial under-
standing of existing controls such as: (WHO,2005) 
 Treatment systems 
 Treatment processes (including optional processes). 
  Equipment design. 
  Monitoring equipment and automation. 
 Water treatment chemicals used. 
 Treatment efficiencies. 
  Disinfection removals of pathogens. 
 Disinfection residual / contact period time. 
 Service reservoirs and distribution systems 
  Reservoir design. 
  Retention times. 
 Seasonal variations. 
  Protection (e.g. covers, enclosures, access). 
 Distribution system design. 
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  Hydraulic conditions (e.g. water age, pressures, and flows). 
  Backflow protection 
 Disinfectant residuals 
A flow diagram should be developed which captures all the elements of the water 
supply system in sufficient detail. The flow diagram should be validated through 
on-site field checking and then used in the risk assessment process. Cross reference 
should be made to other documentation showing details such as maps with property 
boundaries, sewage treatment plant, septic tanks, industry and other potential 
sources of risk. A map of the supply areas should be checked. Referenced and dates 
copies of the validated flow diagram should be retained as part of the WSP (Cor-
rales et al., 2009). 
   
    
 
 
Figure ( 2-2): Basic elements of the water supply system (WHO, 2005) 
2.5.3 Identify hazards and hazardous events and assess the risks 
Having described the water supply and produced flow diagrams in order to repre-
sent the supply in a logical and easily understood way, the next step is to conduct a 
hazard analysis in order to establish what requires controlling in order to provide 
safe drinking-water (WHO, 2005) 
2.5.3.1 Hazard identification 
A hazard is any biological, chemical, physical or radiological agent that has the po-
tential to cause harm. A hazardous event is an incident or situation that can lead to 
the presence of a hazard (what can happen and how). Risk is the likelihood of iden-
tified hazards causing harm in exposed populations in a specified timeframe, in-
cluding the magnitude of that harm and/or the consequences. 
Hazards may occur or be introduced throughout the water system, from catchment 
to consumer. Effective risk management, therefore, requires identification of all po-
tential hazards, their sources, possible hazardous events and an assessment of the 
risk presented by each. The hazard identification step, therefore, requires the water 
Catchment  Treatment  Distribution  Consumer  
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safety plan team to consider all potential biological, physical, chemical and radio-
logical hazards that could be associated with the water supply. The team should 
start with the water sources, and then progress through the validated flow diagram. 
At each step the objective is to identify what could happen to lead to contamina-
tion; and the associated control measures for each hazard. (Miller et al., 2009). 
The water safety plan team should also consider influencing factors such as: 
 Variations due to weather. 
 Accidental or deliberate contamination. 
 Pollution source control practices. 
 Wastewater treatment processes. 
 Drinking-water treatment processes. 
 Receiving and storage practices. 
 Sanitation and hygiene. 
 Distribution maintenance and protection practices. 
 Intended consumer use. 
 Biological hazards 





Other, non-pathogenic organisms that influence the acceptability of drinking-
water should also be considered. These include Asellus and Cyclops. It is not 
necessary or practical to completely eliminate microorganisms from drinking-
water supply systems. What is required is to keep numbers of pathogens below 
levels determined to represent an acceptable level of risk as outlined in the water 
quality targets. Pathogens in water supply systems generally originate from hu-
man or animal fecal material contaminating raw water or that finds its way into 
the water supply delivery system. Common sources of faeces include wildlife 
such as birds, grazing animals and vermin in and around reservoirs, backflow 
from unprotected connections and sewer cross connections (Clark et al., 1993). 
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 Chemical hazards 
A chemical hazard can be considered as any chemical agent that may compro-
mise water safety or suitability, as shown in (Table 2.2) 
 
Table ( 2-2): Examples of chemical hazards that may occur in drinking water sup-










Nitrate Algal toxins Flocculants Copper 
Arsenic Cleaners pH adjusters Lead 
Fluoride Liner chemicals Disinfection by-
products 
Cleaners 
Pesticides Lubricants Flocculants Petroleum 
 Physical hazards 
Physical hazards may affect water safety by posing a direct risk to health (e.g. through 
choking), through reducing the effectiveness of treatment and in particular residual 
disinfectants or because consumers find the water unacceptable and use alternative, 
more contaminated water sources. The most common physical hazard in water is sed-
iment within the water supply. Sediments and particulates can also include pipe mate-
rials, pipe liner materials, sloughed biofilms or iron and manganese films. Suspended 
or resuspended sediments can contain toxic chemicals or can have pathogens attached 
and can co-transport other hazards (Miller et al., 2009). 
 Radiological hazards 
Radiological contamination of drinking-water generally occurs as a result of contamina-
tion by man-made sources of radiation. Contamination can arise from: 
 Naturally occurring radioactive species in drinking-water sources. 
 The contamination of water from the mining industry. 
 Radionuclides from the medical or industrial use of radioactive materi-
als.(WHO, 2005). 
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2.5.3.2 Hazard events 
Once hazards are listed it is important to consider the corresponding events that lead 
to their entry into the drinking-water supply. These might be termed hazardous events 
or hazard causes. 
Hazardous events can cause contamination directly and indirectly. For example, path-
ogens can enter water supplies directly from faeces. However, cyanobacterial toxins 
result from growth of toxigenic cyanobacteria which are in turn promoted by a combi-
nation of factors. Therefore, factors, such as nutrients, which can promote cyanobacte-
rial proliferation, can lead to water becoming unsafe and should be considered as con-
tributory factors leading to the presence of a hazard. These contributory factors re-
quire managing as part of the water safety plan. 
For distribution systems, the situation is somewhat different, as the primary purpose is 
the prevention of contamination being introduced or regrowth in the pipes. In distribu-
tion systems, an example of a hazard-pathway-receptor relationship is a pipe running 
at low pressure within a soil saturated with contaminated surface water derived from a 
leaking sewer above the main. There are many permutations in this scenario when risk 
is actually low. For instance, although intermittence means that water is not received 
by the household, it does not mean that there is no water in the pipe, usually the re-
verse is true, and simply the pressure is too low to ensure water can be delivered 
through the tap. Even if there is contaminated water in the soil, if the moisture content 
is low even the small amount of water in the pipe may be sufficient to ensure the hy-
draulic gradient is from the pipe to the soil and not vice versa. This does not mean that 
the repair of the pipe is not needed, but if there are several parts of the system where 
the same set of hazards and vulnerability occur, then priority should be given to the 
point when, commonly, the hydraulic gradient would be from the soil to pipe. This re-
quires that some estimation be made of the vulnerability of the supply to contamina-
tion is taken into account (WHO, 2005). 
The following tables show hazardous event and it is effect on catchment, treatment, and 
distribution network and consumer premises. 
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Table ( 2-3): Typical hazards affecting a catchment (WHO,2005) 
Hazardous event (source of hazard) Associated hazards (and issues to consider) 
Meteorology and weather patterns Flooding, rapid changes in source water quali-
ty 
Seasonal variations  Changes in source water quality  
Geology Arsenic, fluoride, lead, uranium, radon Swal-
low holes (surface water ingress) 
Agriculture  Microbial contamination, pesticides, 
nitrates. 
 Slurry and dung spreading. 
 Disposal of dead animals. 
Forestry Pesticides,  polyaromatic hydrocarbons (fires) 
Industry  Chemical and microbial contamination 
 Potential loss of source water due to 
contamination 
Mining (including abandoned mines) Chemical contamination 
Transport – road Pesticides, chemicals (road traffic accidents) 
Transport –railway Pesticides 
Transport – airport Organic chemicals 
Development  Run-off 
Housing – septic tanks Microbial contamination 
Wildlife  Microbial contamination 
Recreational use  Microbial contamination 
Raw water storage  Algal blooms and toxins 
 Stratification 
Unconfined aquifer Water quality subject to unexpected change 
Well / borehole headworks not water-
tight 
Surface water intrusion 
Borehole causing corroded or incom-
plete 
Surface water intrusion 
Flooding Quality and sufficiency of raw water 
 
 
MS.c Thesis- M. AlAzaiza                                                                              Page | 19 
Table ( 2-4): Typical hazards associated with treatment (WHO, 2011) 
Hazardous event (source of hazard) Associated hazards (and issues to consider) 
Any hazard not controlled / mitigated 
within the catchment 
As identified in catchment 
Power supplies Interrupted treatment / loss of disinfection 
Capacity of treatment works Overloading treatment 
Disinfection   Reliability 
  Disinfection by-products 
By-pass facility Inadequate treatment 
Treatment failure Untreated water 
Unapproved treatment chemicals and 
materials 
Contamination of water supply 
Contaminated treatment chemicals Contamination of water supply 
Blocked filters Inadequate particle removal 
Inadequate filter media depth Inadequate particle removal 
Security / vandalism Contamination / loss of supply 
Instrumentation failure Loss of control 
Telemetry Communication failure 
Flooding Loss or restriction of treatment works 
Fire / explosion Loss or restriction of treatment works 
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Table ( 2-5): Typical hazards within a distribution network (WHO, 2011) 
Hazardous event (source of hazard) Associated hazards (and issues to con-
sider) 
Any hazard not controlled / mitigated 
within treatment 
As identified in treatment 
Mains burst  Ingress of contamination 
Pressure fluctuations Ingress of contamination 
Intermittent supply Ingress of contamination 
Opening / closing valves  Reversed or changed flow disturbing 
deposits 
 Introduction of stale water 
Use of unapproved materials Contamination of water supply 
Unauthorized connections Contamination by backflow 
Open service reservoir Contamination by wildlife 
Leaking service reservoir Ingress of contamination 
Unprotected service reservoir access Contamination 
Security / vandalism Contamination 
Contaminated land Contamination of water supply through 
wrong pipe type 
 
Table ( 2-6): Typical hazards affecting consumer premises (WHO,2011) 
Hazardous event (source of hazard) Associated hazards (and issues to con-
sider) 
Any hazard not controlled / mitigated 
within distribution 
As identified in distribution 
Unauthorized connections Contamination by backflow 
Lead pipes Lead contamination 
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2.5.4 Control measures 
In many instances control measures (often referred to as „barriers‟) will already be in 
place, where this is the case they should be assessed to determine if they meet current 
(i.e. health-based target) requirements. 
Control measures are identified by considering the hazardous events that can cause con-
tamination of water, both directly and indirectly, and the activities that can mitigate the 
risks from those events. Control measures need to be identified at the point of contami-
nation (where the hazardous event occurs) as well as downstream so that the effect of 
multiple barriers can be assessed together. 
Control Measures are those steps in supply that directly affect water quality and which, 
collectively, ensure that water consistently meets health based targets. They are actions, 
activities and processes applied to prevent or minimize hazards occurring. 
Flow diagrams are particularly valuable to support the identification of control 
measures. This is because it simplifies the task conceptually. There are likely to be hun-
dreds of control measures for a large system, or for a water safety plan covering many 
small systems. For example, control measures would include every point-of-use water 
treatment unit or each backflow prevention valve to make the water safety plan simpler 
to develop, control measures that are alike can be represented on a flow diagram as one 
process step. One result of rolling up groups of control measures into single process 
steps is that relatively few key process steps emerge. In some case studies of water safe-
ty planning these process steps on the flow diagram is given the name critical control 
points. 
Control measures can be effective in reducing the levels of hazards in a number of 
ways: (WHO, 2011) 
 Reducing their entry into the water supply. 
 Reducing their concentration once in the supply. 
 Reducing their proliferation 
2.5.4.1 Resource and source protection 
Effective catchment management has many benefits. By decreasing contamination of 
source water, the amount of treatment and quantity of chemicals needed is reduced. This 
may reduce the production of treatment by-products and minimize operational costs. 
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Effective resource and source protection includes the following elements: (Kunikane, 
2004) 
 Developing and implementing a catchment management plan, which includes 
control measures to protect surface and groundwater sources. 
 Ensuring that planning regulations include protection of water resources (land 
use planning and water shed management) from potentially polluting activities 
and are enforced. 
 Promoting awareness in the community of the impact of human activities on wa-
ter quality. 
 
2.5.5 Development, implementation and maintenance an improvement of the plan 
 If the previous step identifies significant risks to the safety of water and demonstrates 
that existing controls are not effective or are absent, then an improvement /upgrade plan 
should be drawn up. Each identified improvement needs an “owner” to take responsibil-
ity for implementation and a target implementation date. The assessment may not auto-
matically result in the need for new capital investment.  
In some instance, all that may be needed is to review, document and formalize the prac-
tices that are not working and address any areas where improvement are needed. In oth-
er cases, new or improved controls or a major infrastructure change may be needed. Im-
provement / upgrade plans can include short-, medium- or long-term programs. Signifi-
cant resources may be needed and therefore a detailed analysis and careful prioritization 
should be made in accordance with the system assessment. It may be that improvements 
need to be prioritized and phased in. 
Implementation of improvement/upgrade plans should be monitored to confirm im-
provement have been made and are effective and that the WSP has been updated ac-
cordingly. It should be taken into consideration that the introduction of new controls 
could introduce new risks to the system (Kunikane, 2004). 
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2.5.6 Monitoring of the control measures 
For each control measure it is important to first define the operational limits (range) 
which leads to the supply of water that meets the intended use (including the health tar-
gets). However, because it is rarely practical to measure the concentration of hazards 
directly, some other means of control measure performance needs to be identified and 
becomes the target of monitoring. Therefore, a relationship between control measure 
performance, as determined by measurable parameters, and hazard control performance 
needs to be established. This relationship can be established using theoretical and/or 
empirical. In general long-term performance data, design specifications and objective 
scientific and empirical analysis are likely to be combined.  
An operational limit (often defined as alert limit or action limit) is a criterion that indi-
cates whether the control measure is functioning as designed. Exceeding the operational 
limit implies that action is required to prevent the control measure moving out of com-
pliance. The term critical limit is often in some water safety plans to single out opera-
tional limits linked directly to absolute acceptability in terms of water safety. 
Not all measurable properties of control measures are suitable for this type of monitor-
ing. Only where the following criteria are satisfied it is possible to define operational 
limits for control measures: (Clark et al. 1993) 
 Limits for operational acceptability can be defined. 
 These limits can be monitored, either directly or indirectly (e.g., through surro-
gates). 
 A pre-determined corrective action (response) can be enacted when deviations 
are detected by monitoring. 
 The corrective action will protect water safety by bringing the control measure 
back into specification, by enhancing the barrier or by implementing additional 
control measures. 
  The process of detection of the deviation and completion of the corrective ac-
tion can be completed in a timeframe adequate to maintain water safety. 
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2.5.6.1 Monitoring plan 
The strategies and procedures for monitoring the various aspects of the water supply 
system should be documented. Monitoring plans should include the following in-
formation: (WHO, 2005) 
 Parameters to be monitored. 
 Sampling location and frequency. 
 Sampling needs and equipment. 
 Schedules for sampling. 
 Methods for quality assurance and validation of the sampling results. 
 Requirements for checking and interpreting the results. 
 Responsibilities and necessary qualifications of staff. 
 Requirements for documentation and management of records, including how 
monitoring results will be recorded and stored. 
 Requirements for reporting and communication of results 
2.5.7 Management procedures 
Clear management procedure documenting actions to be taken when the system is oper-
ating under normal condition (Standard Operating Procedures or SOPs) and when the 
system is operating in “incident” situations (corrective actions) are an integral part of 
the WSP. The procedures should be written by experienced staff and should be updated 
as necessary, particularly in light of implementation of the improvement/upgrade plan 
and reviews of incidents, emergencies and near misses. It is preferable to interview staff 
and ensure their activities are captured in documentation. 
Documentation of all aspects of the WSP is essential. Management procedures are the 
actions to be taken during normal operational conditions, and detail the steps to follow 
in specific “incident” situations where a loss of control of the system may occur. Man-
agement staff have a responsibility to ensure procedures are kept to date and in place to 
keep operators and management staff connected and involved, to make it easy for peo-
ple to “do the right things”, to provide a adequate resources and to ensure that people 
willing to come forward instead of withholding information for fear of reprisals. An ef-
ficient, regular review and updating cycle is also important (WHO, 2012). 
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If monitoring detects that a process is operating outside of the specifications of the criti-
cal or operational limits there are a need to act to restore the operation by correcting the 
deviation. An important component of a water safety is the development of corrective 
actions which identify the specific operational response required following specific de-
viations from the set limits (operational and/or critical). 
2.5.7.1 Corrective actions and incident response 
Effective management implies definition of actions to be taken in response to variations 
that occur during normal operational and incident conditions. Such corrective actions 
should be defined for each control measure and documented in the WSP. Corrective ac-
tions are those interventions that will be undertaken in immediate response to control 
measures moving outside the operational limits defined. It is important that when devel-
oping the WSP such corrective actions are identified from the outset. Identification of 
corrective actions should not wait until a failure has occurred as this defeat the objective 
of risk management. However, lessons learnt from incident conditions may lead to im-
provement of corrective actions and thus these will not be static. Equally, corrective ac-
tions may also be refined based on experiences from other water supplies. 
Corrective actions may be simple operational interventions, for instance if an inspection 
identifies problems with the fence or deterioration in concrete protection works around a 
borehole, immediate action should be taken to effect repairs. It may also involve more 
complex enforcement processes, for instance if stock densities are seen to increase in 
the catchment area, then action should be initiated to ensure that farmers reduce these 
(for instance through legal notices). They may involve interventions that are not possi-
ble to implement immediately or that will take some time to take effect, for example 
when there has been an accidental spill of chemicals that has reached the aquifer and 
which will require remediation through pumping and treating (Howard and Schmoll, 
2006) 
2.5.8 Develop supporting programs 
Supporting programs are activities that ensure the operating environment, the equipment 
used and the people themselves do not become an additional source of potential hazards 
to the drinking-water supply. 
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Many actions are important in ensuring water safety, but do not affect water quality di-
rectly, supporting programs in the following table fall into this category (WHO, 2005). 
They incorporate the principles of good process control that underpin the water safety 
plan. Codes of good operating, management and hygienic practices are essential ele-
ments of supporting programs. These are often captured within (SOPs) or system oper-
ating rules. They can include, but are not limited to:(WHO, 2005) 
 Hygienic working practices documented in maintenance SOPs. 
 Training and competence of personnel involved in water supply. 
 Tools for managing the action of staff, such as quality assurance systems. 
 Securing stakeholder commitment, at all levels, to the provision of safe water. 
 Education of communities whose activities may influence water quality. 
 Calibration of monitoring equipment. 
 Record keeping. 
Supporting programs could specifically involve: 
 Controlling access of people into treatment plants, catchments and reservoirs, 
and implementation of the appropriate security measures to prevent transfer of 
hazards. 
 Development of verification protocols for the use of chemicals and materials 
used in water supply, for instance to ensure use of suppliers that participate in 
international quality assurance programs. 
  Use of designated equipment for attending to incidents such as mains bursts. 
For example, equipment should be designated for potable water work only and 
not for sewage work. 
  Training and educational programs for personnel involved in activities that 
could influence water safety. Training should be implemented as part of induc-
tion programs and frequently updated 
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Table ( 2-7): Examples of supporting programs (WHO, 2005) 
Issue Importance Actions to be taken 
Water supplier and/or resource 
protection agency have input 
into 
land-use and abstraction control 
in catchment 
Essential first steps in the de-
livery of safe water. Water sup-
pliers and other key stakehold-
ers should be able to influence 
land-use decisions to protect 
water sources 
 1. Development of water source 
protection plans. 
2. National groundwater and surface 
water management plans 
Specifications for materials and 
chemicals used in water supplies 
The control of chemical hazards 
derived from materials and 
chemicals used in water pro-
duction is usually best achieved 
through product specification 
1. 1. Develop materials and 
chemicals Specifications. 
2. 2.Require certification of quality 
by a laboratory holding 
ISO/IEC17025 
accreditation 
Training of operation and 
maintenance staff 
Poor operational practice may 
lead to 
large-scale contamination and 
increased public health risks 
Training programs and ongoing 
supervision systems in place 
Hygiene code of practice for 
work on the system developed 
and made available to all staff 
Staff unaware of, and do not 
follow, satisfactory hygiene 
practices 
Ensure hygiene code is clear and 
easy to follow, and copies kept in 
every vehicle used by operational 
teams who should be trained in 
their use. 
Training and hygiene education 
in Communities. 
Poor hygiene practices increase 
risks within the home and may 
also affect environmental hy-
giene and cause contamination 
of supplies. 
Develop participatory awareness-
raising and education programs 
Groundwater mapping, assess-
ment of vulnerability and defini-
tion of protection zones. 
Location and vulnerability of 
groundwater reserves not 
known 
Develop hydrogeological maps 
and a national or regional ground-
water management plan 
2.5.9 Revision of the WSP 
The WSP team should periodically meet and review the overall plan and learn from ex-
periences and new procedures (in addition to regularly reviewing the WSP through 
analysis of the data collected as part of the monitoring process). The review process is 
critical to the overall implementation of the WSP and provides the basis from which fu-
ture assessments can be made. Following an emergency, incident or near miss, risk 
should be reassessed and may need to be fed into the improvement/upgrade plan (Cor-
rales et al, 2009) 
2.5.10 Revision the WSP following an incident  
As outlined previously, to ensure that a WSP covers emerging hazards and issues, it 
should be reviewed periodically by the WSP team. A particular benefit of imple-
menting the WSP framework is a likely reduction in the number and severity of in-
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cidents, emergencies or near misses affecting or potentially affecting drinking water 
quality. However, such events may still occur. In addition to the periodic review, it 
is important that the WSP is reviewed following every emergency, incident or un-
foreseen event irrespective of whether new hazards were identified to ensure that, if 
possible, the situation does not recur and determine whether the response was suffi-
cient or could have been handled better. A post- incident review is always likely to 
identify areas for improvement whether it is a new hazard or revised risk for the risk 
assessment, a revision for an operating procedure, a training issue or a communica-
tion issue, and the WSP must be revised to reflect the changes. In many cases, it will 
be necessary to include other stakeholders in the review (Howard and Schmoll, 
2006) 
2.6 Applications of Water Safety Plans 
Case studies present lessons-learned from real-life experiences. The descriptions were 
drawn from WSP initiatives in many countries. A general description of the water sup-
plier and the context within which the WSP was developed and implemented is provid-
ed in the following case studies. These WSPs were undertaken almost entirely by the 
urban water utilities themselves without significant external agency support. Most water 
utility employees were familiar with the use of systematic risk assessment and manage-
ment systems, and of management systems generally, due to previous requirements to 
implement occupational health and safety and environmental management systems. 
2.6.1 WSP in Australia 
The WSP team was typically set up and led by a dedicated utility coordinating person. 
One or more stakeholders usually contributed to the WSP efforts. In most cases, the 
health authority that regulated the utility was involved in reviewing the plan. Often local 
government and catchment management, bulk water suppliers. Contractors, such as 
treatment or operations and maintenance contractors, were also typically involved in the 
utility‟s WSP development. Sometimes professional facilitators were contracted to help 
support the development of the plans. Most utilities undertook water quality data analy-
sis as part of the risk assessment phase of their WSP development. System descriptions 
were typically brief and summary in nature. Detailed system descriptions, such as re-
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ports used for design and operation, were referenced for full details, with the WSP just 
providing summary details (Planners, 2009). 
Hazardous events were typically listed for each process step identified in the flow dia-
gram. For each hazardous event, the hazards arising were considered and risks were 
scored against two factors: likelihood and consequence. In most cases, actual perfor-
mance of controls in the removal of contaminants, and actual source water concentra-
tions of hazards, were not defined. Less directly controlled control measures, such as 
backflow prevention strategies and catchment management actions, were sometimes 
classified as critical control points but were more usually classified as supporting pro-
grams or just control points.  
In general, corrective actions in the event of critical limits being exceeded involved 
shutting down supplies until problems were fixed. Most systems had enough treated wa-
ter in storage or alternative supply options, that it was possible to do this. However, 
some systems that would have difficulty shutting off supply had installed multiple duty 
and standby systems with automatic changeover to reduce the risk of untreated water 
being supplied. In general, treatment failure followed by an inability to provide an alter-
native supply or rely on stored treated water resulted in the issue of precautionary boil 
water advisories (AWSC, 2010). 
Most WSPs identified the need for capital works to improve the reliability of systems 
and address vulnerabilities. Generally the Australian water supplies were able, under 
normal circumstances ,to provide safe water, so most capital upgrades were aimed at 
reducing risks of process failures and improving overall system reliability.  
Most control measures identified as “critical” were assigned as” critical control points” 
and were monitored against “critical limit “criteria. In most cases, critical limits were 
monitored on-line with automated control in response to adverse results, and/or teleme-
try alarms being sent to 24-hour call centers and duty operators. In most cases such sys-
tems were in place prior to the use of WSPs, but WSPs provided a forum to review and 
upgrade these systems. Typically, the critical limits set related to filtered water turbidi-
ty, chlorine residual, post primary disinfection and maintenance of water pressure in dis-
tribution as measured indirectly by tank levels and pump pressures. In addition, many 
utilities formalized scheduled monitoring and inspection procedures for source waters 
and for assets such as water tanks. Operational monitoring of treatment processes was 
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usually fully instrumented using on-line calibrated instruments linked to SCADA sys-
tems (a computer system used to monitor and control a process). In practice, the auto-
mated monitoring systems required a lot of work due to problems with selecting reliable 
instruments and reliable control systems (Corrales et al., 2009).  
The Australian water supply industry was fairly informal with limited formal proce-
dures and documentation. Therefore, most WSPs include some associated additional 
documentation. 
The lack of formality partly reflected the long careers and extensive experience of most 
water supply operators, making written procedures less important than the body of ex-
perience and hands-on training. In general, the procedures that have been developed for 
the Australian WSPs are concise statements of what is required to be achieved rather 
than detailed procedures for how to achieve those objectives. 
Asset management programs were typically well established within Australian urban 
water utilities. In general, key civil assets were well maintained and assessed. One area 
that has improved with the advent of WSPs is the maintenance of process assets and cal-
ibration of monitoring equipment. WSPs have driven more detailed review and often 
resulted in upgrades of how process assets are maintained and of how monitoring devic-
es are calibrated and maintained. 
Most Australian urban water utilities have at least one executive level water quality 
champion and they report on WSP implementation and outputs at the executive level. 
Audits of WSPs are typically reported to the utility executive. The WSP provides a use-
ful framework for organizing and presenting water quality management actions in a 
form that assists executives to make strategic decisions on water quality management 
(WHO, 2009).   
Australian utilities maintain their WSPs as “living documents” that are subject to ongo-
ing change to capture improvements. Most WSPs are in fact version-controlled by hav-
ing an intranet-based electronic version live on the web rather than a hard copy version.  
Even prior to developing WSPs, Australian water utilities typically had incident and 
emergency response plans. Major water quality problems or threats to water quality typ-
ically constituted an „incident‟, which was the term used to describe a major event. 
Agreed criteria were used to mark the start of an incident whereupon an incident man-
agement team was formed. The incident management team then managed the incident to 
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minimize harm caused during the event and to return to normal operations as soon as 
possible. If contaminated or inadequately treated water reaches customers, then typical-
ly the incident involves the health department and customers are advised not to drink 
that water, or to boil the water. Water supplies are not usually shut off even if they may 
be contaminated. Water is required for sanitation and hygiene purposes, and most con-
tamination events are not so severe that water supply should be terminated. Rather, wa-
ter supply continues and people are asked to avoid or boil water before use, as a precau-
tion. As a matter of course, following an incident there is a „debrief‟ process in which 
the root cause of the problem is identified and the WSP changed to prevent a recurrence, 
if possible (Planners, 2009).   
2.6.2 WSP in Uganda 
A WSP steering group is required to guide the process of implementing a water safety 
plan. In Kampala (capital of Uganda), members of the team were selected on the basis 
of their professional ability. The majority of the members volunteered to be members of 
the team during a consultation meeting with the managing director of National Water 
and Sewage Corporation (NWSC) and the public health and environmental engineering 
laboratory of Makerete University. 
The key to the implementation of a successful WSP gaining through understanding of 
water supply system. This is achieved through the composition of a systematic diagram 
of the system. Figure 2.3 outline the water system in Kampala (Godfrey and Howard, 
2004). 
  















Figure ( 2-3): Water System in Kampala (Godfrey and Howard, 2004). 
 
Inspection points were identified in the Kampala system by the WSP committee. A total 
of 152 points were identified throughout the system, these points assessed using sanitary 
inspection and physic-chemical parameters. Based on results of the assessment 82 high 
risk control points were identified. The plan identifies a range of hazard events that were 
identified during the system assessment as likely to occur. For each hazard event, a clear 
control measure is defined to prevent hazard event from occurring. For each control 
measure, critical limits have been defined.  
Two assessments were done, one before the launch of the WSP and one six months lat-
er. Samples were taken at the water treatment works and at 50 of the 82 identified con-
trol points. Samples were tested for sulphate reducing clostridia, fecal streptococci and 
thermo tolerant coliforms (Godfrey and Howard, 2004). 
2.6.3 WSP in United Kingdom 
A small group comprising external experts and a senior utility manager discussed the 
objectives and composition of the WSP team and agreed that it should serve two key 
functions. The first was to bring together people with expertise in water supply, health, 
Source water taken from Lake Victoria 
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and environmental issues, to develop the WSP. The second purpose of the team was to 
provide the political support and authority necessary to enable implementation of the 
recommendations that followed from the WSP. Generally companies had very good in-
formation on their distribution systems and maintained sophisticated GIS systems and 
records of large industrial users and sensitive users such as hospitals and schools. Such 
systems and records, being already in place were not always immediately included in 
WSP development. The initial process for many companies was to restrict hazard identi-
fication and risk analysis to those that related directly to compliance parameters. Issues 
such as flooding, power supplies, security, emergency responses, telemetry, communi-
cations and IT systems, although well documented within company procedures, were 
not considered as part of the WSP, often because they were not under the direct control 
of the WSP team lead or members. For a mature industry, identification and validation 
of controls was sometimes seen as a less important step because companies considered 
that they had so much data and information that the effectiveness of controls was self-
evident. However the WSP approach does encourage re-evaluation of the use of such 
data. Operational monitoring was a normal and extensive part of the water companies’ 
procedures and had been generally included and reviewed as part of the WSP imple-
mentation. A benefit of WSPs is that the methodology requires a clear operational moni-
toring strategy with defined responsibilities to consider its relevance to the safe produc-
tion and distribution of drinking water and for how it is programmed and assessed. This 
overcomes the tendency to carry out irrelevant tests. Generally, verification of the effec-
tiveness of the WSP approach is through compliance with regulatory requirements for 
drinking water quality, treatment and use of chemicals and materials. Water companies 
already had good management. The challenge was to modify these in line with the out-
puts of the WSP and to consider such procedures as part of the WSP (Corrales et al., 
2009).   
Towards the supporting development in UK, area was not a significant challenge for 
water companies as they already had good supporting programs such as training pro-
grams, hygiene procedures, and accredited laboratories with internal and external quali-
ty control programs and company and collaborative industry research and development. 
The challenge was to consider and include such supporting programs as part of the 
WSP.Companies that had many paper-based WSPs were challenged by the workload 
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requirements to keep them up to date particularly where many improvements had been 
identified and implemented. Keeping the WSP initiative embedded in company opera-
tions was likely to be a challenge before the WSP risk assessment and risk management 
approach was made a regulatory requirement (WHO, 2010). 
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Middle Governorate is one of the five governorates of the GS. GS is located in a semi-
arid area with scarce water resources. It is a part of the Palestinian coastal plain in the 
south west of Palestine where it forms a long and narrow rectangular area of about 365 
km2, with 45 km length, and between 5 and 12 km width. Nowadays, its five gover-
norates are: Northern, Gaza, Middle, Khanyounis and Rafah. It is located on the south-
eastern coast of the Mediterranean Sea, between longitudes 34° 2‟‟ and 34° 25‟‟ east, 
and latitudes 31° 16‟‟and 31° 45‟‟ north. The GS is confined between the Mediterranean 
Sea in the west, Egypt in the south (UNEP, 2003).  
3.2 Water Quality 
Ongoing deterioration of the water supply of GS poses a major challenge for water 
planners and sustainable management of the coastal aquifer. The aquifer is presently 
being overexploited, with total pumping exceeding total recharge. In addition, anthro-
pogenic sources of pollution threaten the water supplies in major urban centers. Many 
water quality parameters presently exceed (WHO) drinking water standards. The major 
documented water quality problems are elevated chloride (salinity) and nitrate concen-
trations in the aquifer (Aish et al., 2004). 
The highest chloride sources are expected in the areas affected by seawater intrusion 
and the deeper groundwater layer. High nitrate concentrations are expected in the vicini-
ty of local anthropogenic sources including agriculture and wastewater leakages    (CEP 
and EMCC, 2006). 
3.2.1 Ground water Salinity (Chloride) 
Salinity in the GCA is most often described by the concentration of chloride in ground-
water. Seawater intrusion and intensive exploitation of groundwater have resulted in 
increased salinity in the most areas in GS. Chloride concentrations are the highest along 
the Gaza border in the middle and south areas with concentrations exceeding 1500 mg/l. 
The best water quality is founded in the sand dune areas in the north of GS, mainly in 
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the range of 50 – 250 mg/l. There are three major sources of groundwater salinity; leak-
age of brackish saline water lowing from adjacent aquifers along the eastern boundary 
of the coastal aquifer (600-2000 mg/l Chloride), sea water intrusion along the coast 
from the west and mixing with deeper very saline water from below and the over-
exploitation of the coastal aquifer resulting in the creation of water level depressions 
while preventing the flushing of accumulated salts (Qahman, 2004). 
Seawater Intrusion is defined as the migration of saltwater into fresh water aquifers un-
der the influence of groundwater development. Seawater intrusion began in the late-
1960s and the wedge continued to migrate inland at high rates due to increasing in mu-
nicipal pumping and abstractions. Many modern studies indicate that seawater intrusion 
extends from 1 to 2.5 km along the western boundaries of GS along the sea, especially 
in Gaza city-Jabalia and Khanyounis-Rafah. These areas correspond to the largest 
pumping quantities where the GWL are 1-6 m below the mean sea level (Metcalf & 
Eddy, 2000; Qahman, 2004). 
Generally, the chloride concentrations in the abstracted water exceed 250 mg/l in most 
of the Gaza Coastal Aquifer. Figure 3.1 shows that the chloride concentration in the ab-
stracted water by far exceeds the WHO drinking water guidelines in most of the Middle 
Gaza aquifer  
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Figure ( 3-1): Chloride Concentrations (mg/l) for Year 2010 in the Shallow Aquifer 
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3.2.2 Nitrate Pollution 
Increasing of nitrate is one of the most important and widespread of the numerous po-
tential groundwater contaminants. The main causes of nitrate pollution are the excessive 
use of fertilizers in intensive agriculture, the irrigation with domestic wastewater and 
livestock farming (Rocca et. al., 2005).The problem of high nitrate concentrations in 
drinking water constitutes a major health risk to both humans and stock life. Nitrite re-
acts directly with hemoglobin in human blood and other warm-blooded animals to pro-
duce methaemoglobin. Methaemoglobin destroys the ability of red blood cells to 
transport oxygen. This condition is especially serious for babies under three months of 
age. It causes a condition known as methaemoglobinemia or “blue baby” disease. The 
WHO assigned the nitrate of 50 mg/L as a health significant value in drinking water. 
Most municipal wells in GS show nitrate levels in excess of the WHO drinking water 
standard of 50 mg/l. In the worst affected areas (urban centers), NO3 - concentrations 
are increasing at rates of up to 10 mg/l per year. The main sources of NO3- are fertiliz-
ers and domestic sewage effluents. The quantities of sewage that infiltrate to the water 
table on an annual basis through cesspits and septic tanks are significant, about 12*106 
m3/y. In contrast to salinity, groundwater flowing from the east has relatively low NO3 
– levels (Mogheir, 2006). Figure (3.2) shows nitrate concentration in the Middle Gov-
ernorates for the year 2010. 
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Figure ( 3-2): Nitrate concentration (mg/l) for Year 2010 in the Shallow Aquifer 
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3.2.3 Groundwater Flow and Water Levels 
Under natural conditions, groundwater flow in the Middle Governorate is towards the 
Mediterranean Sea, where fresh groundwater discharges to the sea. However, natural 
flow patterns have been significantly disturbed by increasing population and over 
pumping in the past 40 years (Metcalf & Eddy, 2000). Within the southern part of GS, 
large cone of depression has formed over large area. Water levels are presently below 
mean sea level in many places, inducing a hydraulic gradient from the Mediterranean 




Figure ( 3-3): Water Level in Gaza Strip (2007) 
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3.3 Water Resources 




 of groundwater of different 
quality. However, only 1,40010
6
 m3 of this is “freshwater”, with Cl content of less 
than 500 mg/l. This fresh groundwater typically occurs in the form of lenses that float 
on the top of the brackish and/or saline groundwater. That means approximately 70% of 
the aquifer are brackish or saline water and only 30% are fresh water found mainly in 
the Northern Governorate. The major source of renewable groundwater in the aquifer is 





/y. Other source of renewable water to the Gaza part of the aquifer is the lateral 
inflow through the aquifer layers from the east. The lateral inflow across the Gaza Strip 




/y. The total freshwater 




/y (Metcalf & Eddy, 
2000). 
3.4 Desalination in Gaza Strip 
Desalination became a strategic option in the scarce-water countries, in general and on 
Palestine, in particular. Its cost competes with the costs of other non-conventional water 
resources such as wastewater reuse and groundwater recharge (El Sheikh, et al., 2003). 
After Kuwait, Gaza Strip is the next most “water poor” region in the world, with a total 
of 52 m3 of water available per person per year for all uses. It is also an area of high 
population density, with around 1.2 million people crowded into less than 400 km2, and 
a high population growth rate. The Gaza Aquifer is the only significant source of water 
in the Gaza Strip, as much of the water of the Wadi Gaza is diverted in Israel. The natu-
ral recharge of the aquifer plus return flows is estimated to total approximately 121 
MCM per year(Gray and Hilal, 2007). 
Due to the high salinity of water wells close to the Mediterranean coastal line of Gaza 
strip territory and having regards to the essential and crucial needs to overcome both the 
water scarcity and salinity, one of the medium term solutions has been initiated to spot 
point the eastern water wells far away to the east from coastal line (CMWU, 2009). The 
latest reports issued by PWA water resources department shows the trend of rapid quality 
deterioration for several water wells of western Gaza aquifer particularly with respect to 
chloride and TDS concentrations which are dramatically jumped over during the past 
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few years. The demand on water in Gaza Strip is growing rapidly due the population 
growth. The high salinity of the water and other contaminants, in addition its bad health 
effect, undesirable tastes a motive to find new resource from the desalination and quality 
improvement infrastructure. Moreover, the strategic long term solution for water scarcity 
and salinity in Gaza strip was planned as per integrated aquifer management plant to 
divert all efforts towards the construction of regional sea water desalination plant on the 
Mediterranean sea (CMWU, 2009). The desalinated water in Gaza Strip has been devel-
oped by the time .so there was increasing in the small desalination plants constructions. 
Moreover, no enough information for quantity produced and quality. The plant location 
and the ability to pay were not analyzed and selected properly. The operation and man-
agement of these plants are not controlled (Abu Mayla et al., 2009). 
More than 90% of the population of the Gaza Strip depends on desalinated water for 
drinking purposes. About 90%of the groundwater is unacceptable for drinking as a re-
sult of contamination by nitrate and chloride. One of the major options for resolving the 
water problems is the utilization of desalination technology for both sea and brackish 
water (Al-Agha and Mortaja, 2005).Desalination is increasingly being used to provide 
drinking-water under conditions of freshwater scarcity. Water scarcity is estimated to 
affect one in three people on every continent of the globe, and almost one fifth of the 
world‟s population live in areas where water is physically scarce. This situation is ex-
pected to worsen as competing needs for water intensify along with population growth, 
urbanization, climate change impacts and increases in household and industrial uses. 
(Elnakhal, 2004) illustrate that during the last few decades, groundwater quality has 
deteriorated to a limit that the municipal tap water became brackish and unsuitable for 
human consumption in most parts of the strip. To overcome this serious situation, sev-
eral attempts were made to replace the tap water or to improve its quality by water de-
salination applying the reverse osmosis (RO) technology, bottled water, importing wa-
ter, and storm water harvesting. Water desalination, which is widely applied in the strip, 
has environmental and health risks. Brine water resulting from the RO systems has ad-
verse environmental effects, whereas the produced fresh water with very low chemical 
concentrations may have harmful effects on human health. Therefore, introducing inter-
national water quality standards to delineate the harmless minimum limits is necessary. 
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Also (Hilles and Alnajar,2011)  conducted a research to identify the desalinated water 
situation in Gaza Strip and show that the ground water is unsuitable for drinking pur-
poses and the low areas of chloride concentration has high nitrate concentration and 
vice versa . There are wide variations of water quality, therefore not all water in Gaza 
Strip need the same elements removal technology. The inlet water quality parameters in 
most plants are higher than WHO standards and Palestinian standards but the high de-
salination efficiency led to completely removal of essential elements that are essential to 
human health such as Calcium. Using desalination as a source of water supply has many 
advantages. It seems that RO is the best choice in terms of quality of produced drinking 
water. So, Periodic cleaning of RO plant membranes is necessary. It gives an indication 
of the type of fouling that may take place (Abou Rayan and Khaled, 2005) 
 However, the impact of these plants is not well investigated. The environmental issue 
should be well discussed before implementing the small scale or regional desalination 
plant. The relevant institutions should strictly control the private sector desalination 
units for commercial purposes to ensure that they consider environmental aspects. The 
quality of the produced water should be also monitored to ensure that it meets health 
requirements. Energy cost in desalination plants is about 30% to 50% of the total cost of 
the produced water based on the type of energy used. Fossil energy is the best type of 
energy for desalination from an economic point of view. To increase the efficiency of 
the desalination plant, it must be operated around the clock and never should be idle. 
Unfortunately, almost all the RO plants in Gaza are operating for only 8 (hr/d), and thus 
the energy consumption is not optimum (Baalousha, 2006). 
3.5 Existing Desalination Plants 
In the beginning of the nineties, three pilot Reverse Osmosis (RO) desalination plants 
constructed as brackish water desalination, one plant in Deir El Balah and two plants in 
Khanyunis. The average production per plant is about (30 to 40) m
3
/hr. Those plants 
aim to improve the public health of people and to secure partially accepted water for 
drinkable use in their areas. By time the efficiency of the plants have decreased due to 
the increase of salinity of the brackish water well and lack of experience of local staff in 
operation and maintenance. However, using of desalination water as an alternative 
source for drinkable use has developed and increased as type of investment projects of 
the private sector.  
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3.5.1 Public plants 
 Deir El Balah RO desalination plant 
In June 1993, the Israeli Civil Administration erected a pilot RO brackish water desali-
nation plant for Deir El Balah municipality (Middle of Gaza Strip) by an American 
funding, and implemented by EMS a subsidiary of an Israeli water company (Mekerot) 
at a turnkey contract cost of 650,000 US$. The function of the plant was to desalinate 
brackish water with a capacity of 60 m
3
/hr at recovery rate of 75%. The brine is pumped 
to the sea.  
The produced water is pumped for people at southern part of the city, besides one free 
filling point in front of the plant for consumers. Today, the productivity of the plant has 
decreased to of the 25m
3
/hr. with high cost in O&M. It forms a high financial load on 
the budget municipality due to high cost per cubic meter production (Ismail, 2003). 
 Khanyunis municipality RO plant (I) 
In May 1997, Khanyunis municipality had received a grant from the Italian Government 
through Italian Developing Program. The Italian company CISS has designed and built 
a RO brackish water desalination plant nearby the existing municipal well. The total ca-
pacity of this plant is estimated at 55m
3
 /hr. The turnkey contact cost of the plant was at 
US$ 500,000. The plant aims to pump water to parts of the city that suffer from lack of 
potable water according to an allocated distribution system. In addition, free filling taps 
are spreading around the plant. Trucks with desalinated water are distributing water to 
other areas as well. The brine is pumped to the sea. (Ismail, 2003) 
 Khanyunis municipality RO plant (II) 
In July 1998, Khanyunis municipality had received another grant from Italian Govern-
ment through Italian Developing Program. The Italian company CISS also this time de-
signed and built a RO brackish water desalination plant nearby the existing municipal 
well. The total capacity of the plant is estimated at 80m
3
 /hr. The turnkey contact cost of 
the plant was at US$250,000.Then plant is used in the same manner as the RO plant (I) 
(Ismail, 2003). 
 North Gaza RO plant 
The Palestinian National Authority (PNA) has received a grant from the French Gov-
ernment to build a RO seawater desalination plant. This project was designed to serve 
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the people in El Shati refugee camp (80,000 inhabitants) and the area nearby who are 
suffering from the deterioration of water quality and bad environmental health. 
In April 1999, Degremont (French company) had started the works for design and build-
ing the North RO seawater desalination plant close to the beach. The plant was designed 
to two phases, phase (I) is to produce 1250 m
3
/d to be increased to 5000m
3
/d in phase 
(II). 
The site of the plant is nearby the Palestinian- Israeli border, and during Intifada, the 
site became unsafe for continuing the work. In December 2000, the work in the plant 
was frozen and the percentage of accomplished work is about 80%. Completion of the 
remaining works is conditioned with improvement of the security conditions on site 
(Ismail, 2003). 
 Middle Area RO plant 
By 1998, Palestinian National Authority has received a grant from Austrian Govern-
ment for design and construction of seawater desalination plant to serve people in Mid-
dle area in general and Deir El Balah and Zawaida in particular (65000 inhabitants). The 
design capacity is to produce 600m
3
/d for phase (I) and to be increased up to 1200 m
3
/d 
in phase II. 
The source of seawater comes from two existing beach wells close to the shore. The 
brine is discharged to the sea. The construction of the plant had been launched in July 
2000, and the elementary handover was in December 2002(Ismail, 2003). 
3.5.2 Private RO desalination units 
 RO houses units 
Reverse osmosis (RO) has found increasing use as a home treatment method for con-
taminated drinking water. RO is probably best known for its use in desalination projects 
(turning seawater and brackish water into drinking water); however it is also effective 
for treating water quality problems in the home. RO can reduce the amounts of organics, 
inorganic, bacteria and particulates that can be found in contaminated drinking water 
(Thaher, 2006). 
Due to the deterioration of the quality of municipal water supply in the Gaza Strip peo-
ple has become more aware of impact of potable water on the public health. They try to 
solve their problems by installing small RO house units. By the beginning 1996, enter-
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prises in the water sector have started to import small and feasible RO desalinated units 
with small capacity (120-240 l/d) that provide people with their needs (drinking and 
cooking) purposes (Ismail, 2003) .Table 3.1 shows Different types and prices of RO 
domestic units available in the local market: 
Table ( 3-1): Types and prices of RO domestic units available in the local market 
(PHG, 2002) 
Filter Type Made in Cost in US$ 
King 2000 USA 270 
U.S Filter (Amatic Com-
pany) 
USA 300 
Flowmatic filters USA 290 
World water USA 320 
Aqua water Taiwan 245 
TGI USA 250 
White Snow USA 300 
Best Life- pure water 
Made in USA but as-
sembled in Korea 
250 
D.Q 
Made in USA but as-





 Small RO for commercial investments 
The phenomenon of increasing the investments in construction of RO desalinations 
plants has developed in the Gaza Strip since 1998. This is due to the poor quality of the 
municipal water delivered for domestics use. Abu Daya et al., (2005) pointed that the 
distribution of these plants was random without any previous study for the population, 
water quality and the plant location. It is noted that in the North Governorate (258,412 
population), which has no problems with salinity, 8 plants were established. On the oth-
er hand, in Khan Younis Governorate (256,122 population) which has very bad water 
quality, the number of plants was zero.  El-Nakhal (2004) concluded that the water 
produced from these plants meets the international standards. Ismail (2003) mentioned 
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that the chemical analysis indicate a wide range of values of the chemical elements with 
no recommended minimum values for each element. El-Sheikh (2004) discussed the 
current licensing and monitoring procedures to these private plants and summarized the 
procedures in licensing these plants by getting only routine permissions from the con-
cerned authorities such as, Ministry of Health, Authority of Environment, and the ap-
propriate municipality. Finally, El sheikh concluded that erecting additional brackish 
water desalination plants should be frozen at this stage since the available desalination 
water installations can cover the requirements of drinking water if operated effectively. 




Figure ( 3-4): Location of Private Desalinated Plant 
 
3.6 Desalination in Middle Governorate 
In this research the case study is the desalination plants in Middle Governorate. 
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 Central desalination plant. 
 Private desalination plant. 
 Home desalination plant. 
3.6.1 Central desalination plant 
There are two central desalination plant in the Middle Governorate in Deir Albalah, the 
first central plant was established in 1993, by American funding and implemented by 
EMS a subsidiary of an Israeli water company (Mekerot) at a turnkey contract cost of 
650,000 US$. 
The second desalination plant was established by Austrian Governmental funding. The 
construction of the plant had been launched in 2000, and the elementary handover was 
in 2002. 
3.6.2 Private desalination plant 
The total number of the commercial RO plants in the Middle Governorate is about 16 
plants; table 3.2 listed the private desalination plants in Middle Governorate. 
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Table ( 3-2): Private desalination plants in Middle Governorate (MoH, 2012) 
Desalination plant Location 
Altarwia Deir Albalah 
Aljanoob Deir Albalah 
ALbana Deir Albalah 
Alzahraa Alzahraa 
Afaq Nusirat 











3.6.3 Home desalination plant 
It is proposed to discuss the situation of WSP in home desalination plants, but during 
the data collection, it is clear that the use of these RO units is almost very small in Mid-
dle Governorate. 
This situation was discussed in (Thaher ,2006) study, the study found that 77% of the 
water experts agreed that the use of these units will decrease and may stop specially af-
ter the spread of other drinking water options such as the private and the governmental 
large-scale desalination projects, So this option will be excluded in the study. 
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CAHPTER 4 :  Methodology 
 
4.1 Introduction 
This chapter discusses the methodology adopted in this research. A novel approach to 
this research has been proposed and adopted. The instruments of the study are sample 
collection and analysis and field survey using questionnaire and reviewing the data col-
lected for the literature review, which explored the following aspects: 
 The extent of WSP application in the study area. 
 The existing situation of the desalination plants in the study area. 
 The chemicals and biological properties of the desalinated water. 
 The hazards event that occurs in the distribution process of the desalinated wa-
ter. 
 The hygienic situation of the consumers who use the desalinated water. 
The data in the thesis were collected through: 
1. Consumer‟s questionnaire to explore the points of view of consumers about 
many subjects that are related to the study. 
2. Interviews with many owners and operators of the private desalination compa-
nies which are spread over the Middle Governorates. 
3. Interviews with many of the water vendors in the desalination plants. 
4. Water samples collection and analysis to investigate the water quality from the 
desalination plants, mobile tanks and household tanks. 
4.2 Study period 
The study started on August 2012 after the approval of the thesis proposal. Data collec-
tion started immediately after the approval. Questions for the key players in the water 
section has been drafted on November 2012 and made available for the selected partic-
ipants (target groups) on December 2012. Interviews have been conducted through two 
months January and February 2013 and the sample collection and analysis was at the 
end of March 2013. Data collection and review continued along with interviews results 
collection and entry, and then followed by data analysis and presenting results, discus-
sion, conclusion and recommendations. 
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4.3 Field survey 
There are three types of questionnaires that used in the thesis to get the required infor-
mation to assess the desalination situation and the extent of WSP application in Gaza 
Strip. 
4.3.1 Consumer’s Questionnaire 
Questionnaire is probably the most widely used tool for data collection. Questionnaires 
have been usually used in order to find facts, opinions and views. According to 
(McNeill, 1990) there are two simple rules for success in designing questionnaires and 
conducting surveys: choosing the right people to ask and having the right questions to 
ask them. The good design of the questionnaire is the key to obtain good results and 
warranting a high rate of return. The most important factor of a successful question-
naire is the selection of the right people.  Questions of the consumers were selected to 
support the subjects of the main objectives of the study. The target population was the 
residents of the Middle Governorates.  
 Questions were drafted and presented to the supervisor for review and recommenda-
tion. Then it was discussed with a group of Assistance Professors in Islamic Universi-
ty. The questions of the questionnaire were constructed according to: 
Literature review on the WSP requirements, desalination technology and desalina-
tion plants different issues. 
Several interviews with water experts and specialists from different institutions like 
local universities, municipalities, water utilities and the local desalination plant opera-
tors. 
The questionnaire was designed in Arabic language to be understood easily by the tar-
get population. The questionnaire included information about the personal profile of 
the study population, various aspects of domestic water supply for the people who live 
in the study area and the situation of the storage tank in the consumer‟s home. Most 
questions were one of two types: the yes/no question, which offers a dichotomous 
choice; and the multiple choice question, which offers several fixed alternatives 
(Backestrom and Hursh-Cesar, 1981). 
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4.3.1.1 Sample Size 
An obvious question to be asked is how many people have to be included in order to 
have a representative sample? The answer depends on: 
 How big the survey population is in comparison with the sample. 
 How varied the survey population is? 
(Saslow, 1982) concluded that within the limits of time and resources to take the 
measures, the bigger the sample, the better. The larger the sample size, the closer the 
sample statistics will approximate population parameters. (Richardson ,1992) men-
tioned that there is general rule that the larger and more varied the survey population the 
larger the sample should be in order to avoid a particular kind of bias known as sam-
pling error. 
Middle Governorates consist of Deir Albalah city and Almagazi, Nusirat, AlBuraij, ref-
ugees camp, Zawaida and Alzahraa. The total population for the Middle governorates is 
estimated according to (PCBS) which is the official and most reliable source for popula-
tion data. The population in the area amounts to about 247,150 persons. Assuming that 
every house has 7 persons so, the population size is 35307 (PCBS, 2007). 
Sample size was chosen to accept margin of error 5% at confidence level 95%. Consid-
ering response distribution is 50%. The minimum recommended sample size is 381. The 
researcher used 400 houses as a sample size. Special online software (Raosoft, 2004) 
was used as shown in Figure (4.1). Appendix (3) shows a copy of the used question-
naire.  
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Table (‎4-1): Sample size, distribution over Middle governorates. 
Area No. of questionnaires 








Figure ( 4-1): The result of the used software to calculate questionnaire sample size 
4.3.1.2 Pilot Study 
Pilot study was done before the study started to evaluate the clarity of the questionnaire 
and to optimize the techniques. The pilot study sample, 42 questionnaires (10% of the 
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sample size), was distributed randomly. This pilot study was used to give the research-
er feedback on the reading level, understanding of each question and the completeness 
of the instrument. At the end of the pilot study, a revision and modification was done 
on questionnaire as necessary. 
4.3.1.3 Statistical Processes 
Questionnaire results were transferred and analyzed using SPSS version 13.0 "Statisti-
cal Package for the Social Sciences" as follows: 
 Questions were numerically coded to facilitate data entry and to avoid possible 
mistakes. 
 The entered data was checked and reviewed. 
 Frequency tables were produced for all questions and observations. 
 Link between the importance relations. 
4.3.2 Desalination Plants Questionnaire (Interview) 
Interviews, with previously prepared questions, were conducted with some of the own-
ers and operators of the private and central desalination plants in Middle governorates. 
Technical data, system description, storage system, water quality, distribution system, 
control measures, legal information, quality assurance, supporting programs, manage-
ment procedures, project staff, environmental effects, licensing, monitoring and the re-
lation with the concerned official authorities were the discussed issues in the inter-
view.18 desalination plant‟s owner (16 private plants and 2 public plants) was selected 
to conduct the interviews from the study area which is the population. 
Before conducting the interviews, the following procedures were taken into account: 
 Collection of desalination plants names that located in Middle governorates 
from MoH. 
 Taking the approval from two professors in the Islamic University for the Ques-
tionnaire Templates. 
 Contact the owners of the desalination plants to conduct the interviews. 
After collecting the desalination plants names, the researcher determine a meeting with 
the owners of these plants to conduct the interview. The collected information was ar-
ranged and filled in one sheet to analysis the data. The data was analyzed using Mi-
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crosoft Excel 2010 and the output results were represented as pie charts. Appendix (1) 
shows a copy of the used questionnaire.   
4.3.3 Water Vendors Questionnaire (Interview) 
The target group in this questionnaire was the persons who sell the desalinated water 
using mobile tanks (trucks). One water vendors was selected randomly from each de-
salination plants in the study area, the total number of questionnaires was 18 question-
naires. The discussed issues in the interview were type of distribution system, monitor-
ing system, cleaning and disinfection, and quality assurance. 
The collected information was arranged and filled in one sheet to analysis the data.. The 
data was analyzed using Microsoft Excel 2010 and the output results were represented 
as pie charts. Appendix (2) shows a copy of the used questionnaire.   
4.4 Water Samples Analysis 
Chemical and Microbiological analyses were one of tools which conducted at this the-
sis to determine the source of contamination. Determining the source of contamination 
by follow up the tracking contamination point source, this is concerned with determin-
ing of contamination source location. There are three possible locations for this which 
are: 
 The desalination plants which provide drinking water for the consumers. 
 Delivery trucks which distribute drinking water for the consumers. 
 Home tanks which serve drinking water for the consumers. 
4.4.1 Chemical Analysis 
The researcher used data for chemical and physical quality of water samples from the 
records of the central public health laboratories (CPHL) of the Palestinian Ministry of 
Health (MoH). The   data was the results of samples for routine inspection conducted 
during the period from July to December 2012 from the outlet of 18 desalination plants 
in the study area. Chemical analyses were performed for major ions content using 
standard methods for examination of water and waste water, 20
th
 ed. 1998. Electrical 
conductivity and pH were measured directly using a portable instrument called Elec-
trochemistry. Sodium and potassium are analyzed using a Flame Photometer and ni-
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trate is determined by the cadmium reduction method, followed by spectrophotometric 
measurement at 540 nm wavelength (Aish, 2011). 
All analyses (physical, chemical and microbiological) were carried out in accordance 
with the procedures described by the American Public Health Association. CPHL, 
which is considered by Palestinian Standard Institution (PSI), follows the ISO standard 
No. 17025 in its tests. Internal and external proficiency tests are carried out to assure 
the accuracy and precision of sample results (AlKhatib and Arafat, 2009). The data 
was arranged and filled in one sheet. These data was analyzed using Microsoft Excel 
2010.Appendix (5) shows a copy of the samples analysis.   
4.4.2 Microbiological Analysis 
The samples for microbiological analysis in this thesis were divided in to three stages 
 The first stage was at the outlet of the desalination plant. 
  The second stage was at the distribution system (water mobile tanks). 
 The final stage was at the household tank. 
The first stage (desalination plants), the researcher used the data from the record of the 
central public health laboratories (CPHL) of the Palestinian Ministry of Health (MoH). 
The data was the results of samples for routine inspection conducted during the period 
from July to December 2012 from the outlet of 18 desalination plants in the study area. 
15 samples were conducted at the second stage (delivery tanks) and 20 samples from the 
third stages (home tanks); the total number of samples was 35 samples. Theses samples 
were collected during 03 March to 06 March 2013. The samples were delivered to MoH 
Laboratory for Total Coliform (TC) analysis and Fecal Coliform (FC). Sampling was 
performed according to Standard Methods for the Examination of Water and 
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4.4.3 Sample Collection 
Procedures of sample collection were as the following: 
 Containers 
Nonreactive borosilicate glass or plastic bottles were used to collect samples for micro-
biological examinations in that have been cleansed and rinsed carefully, given a final 
rinse with deionized or distilled water, and sterilized. 
 Dechlorination 
A sufficient amount of sodium thiosulfate (Na2S2O3) was added to all containers in-
tended for the collection of desalinated water to eliminate residual chlorine toxic effect 
which kill coliforms. 
 Size of Sample 
The volume of sample was sufficient to carry out all tests; the volume taken for TC and 
FC tests was 300 mL for both. 
 Sample labeling 
Complete and accurate identifying and descriptive data was written on every sampling 
container. A sheet of overall sample information was documented during sampling trip; 
including the date, location, sample number and the name of the sampler. A copy of this 
sheet was delivered for laboratory. 
4.4.4 Laboratory Procedures 
4.4.4.1 Total coliform 
Selection of sample size: Size of sample will be governed by expected bacterial density. 
100 mL is the official sample size. An ideal sample volume will yield 20 to 80 coliform 
colonies and not more than 200 colonies of all types on a membrane-filter surface. 
Sterile filtration units: Sterile filtration units were used at the beginning of each filtra-
tion series as a minimum precaution to avoid accidental contamination. 
Filtration of sample: Sterile forceps were used; a sterile membrane filter (grid side up) 
was placed over porous plate of receptacle. The samples were filtered under partial vac-
uum. The interior surface of the funnel was rinsed by filtering three 20- to 30-mL por-
tions of sterile dilution water. Then the membrane filter was placed on the agar-based 
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medium directly, the dish was inverted, and it was incubated for 22 to 24 h at 35 ± 
0.5°C. 
Counting: A white fluorescent light source was directed to provide optimal viewing of 
sheen. The typical coliform colony has a pink to dark-red color with a metallic surface 
sheen. 
4.4.4.2 Fecal Coliform 
Selection of sample size: A sample volume was chosen to yield 20 to 80 coliform colo-
nies and not more than 200 colonies. 
Filtration of sample: A sterile membrane filter was placed over porous plate of recepta-
cle. Sample was filtered under partial vacuum. The interior surface of the funnel was 
rinsed by a flow of sterile dilution water from a squeeze bottle. The funnel was re-
moved, immediately membrane filter was removed with a sterile forceps, and placed on 
M-FC agar. The dish was inverted to be ready for incubation. 
Incubation and counting: the dishes were incubated for 24 +/- 2h at 44.5 +/- 0.2°C. The 
color of fecal coliform bacteria colonies produced on M-FC medium is blue. 
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CAHPTER 5 :  Results and Discussion 
 
5.1 Results of Desalination Plants Questionnaire (Interview) 
5.1.1 System Description 
After conducting the interviews with the owners and operators of the desalination 
plants, it is clear that all of the desalination plants use RO desalination process and all 
the source of water is municipal wells except one plant (Deir Albalah Sea water Desali-
nation Plant) owned by Coastal Municipalities Water Utility (CMWU), it take the water 
from two beach well located near the beach in the sea. 
The only disinfectant used in this sector is chlorine, but it is found that there is variety in 
the disinfectant dose, some of the owners illustrate this variety upon the consumers re-
quest and the real dose cause bad taste. (El-Sheikh, 2004) confirmed these views when 
he say that the competition between the private desalination companies is leading to 
lowering the fundamental elements levels under the umbrella of marketing more sweet-
ly water and TDS goes far below 60 mg/l. (Thaher 2006) found that 42.3 % of the cus-
tomers depend on their taste to test the water quality from the private desalination com-
panies. 
5.1.2 Administrative and technical staff 
Concerning the efficiency of the workers in the desalination plants, it is clear in Figure 
(5.1) that 66% of the workers have secondary school degree, 27% have diploma degree 
and 7% of them have Bachelor degree. So, intensive and comprehensive training and 
awareness have to be conducted to increase the competencies of the operators and own-
ers of these projects. The mentioned point of view was assured through many interviews 
that were conducted by the researcher with the operators and owners of these private 
projects, the researcher concluded that those operators are not related in any way to the 
water and desalination field. 
Also, (Thaher,2006) emphasized this point in his research, it is found that 66.6 % of the 
water experts agreed that these projects must have certified technical team to operate the 
project before giving them the needed permission. (El-Sheikh, 2004) agreed with the 
MS.c Thesis- M. AlAzaiza                                                                              Page | 60 
above result when he mentioned that qualified technicians are a necessary condition to 
have a license. 
 
Figure ( 5-1): Qualification of the Workers in the desalination plants 
5.1.3 Suitability of licensing procedures 
Figure 5.2 illustrate that 67% of the desalination plants are licensed while 33% are unli-
censed. Also 55% of the wells in desalination plants are licensed well while 45% of the 
wells are unlicensed as shown in Figure 5.3 
 (El-Sheikh, 2004) pointed that licensing of these projects should be based on the water 
sector strategic plans, the regulatory frame work and on health standards.  El-Sheikh 
pointed that the licensing procedures were only routine action start with an application 
to PWA to get a license, then clearance from the concerned municipality for a draft li-
cense, permission from the authority of environment and finally assurance from the 
MoH for the hygienic issues. El-Sheikh (2004) added that representative from PWA 
usually visits the proposed site and the process ends with a license. El-Sheikh proposed 
conditions to get the required permission; plant capacity and plant site according to the 
aquifer limitations, distribution methods, produced water quality and routine reporting 
on water quality and projects design have to be evaluated and approved by the regulator. 
(Afgan et al., 1999) mentioned that as regards the desalination project for a specific lo-
cation, it will be of interest to take into consideration not only technical aspects of water 
production but also geographical and water availability criteria.  
The researcher agrees with El-Sheikh point of view that the site should be selected in 
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for distribution. According to (CAMP ,2001), the site of the desalination project has to 
be evaluated with regard to the proximity to raw water supply and to the disposal point 
of brine, location near the distribution network and concerned area, proximity to power 
supply and the environmental impacts. (Thaher ,2006) mentioned that when the water 
experts were asked about the needed documents to get permission for a new desalina-
tion project, they mentioned many needed documents to be prepared to get the required 
license to own and operate such these projects. Rehabilitation of the working team, 
comprehensive study of the inlet and outlet water of the projects and the design of the 
projects from certified or specialized consultant were mentioned examples to these doc-
uments. The vast majority of the interviewed water experts in the Gaza Strip recom-
mended that PWA, EQA and MOH are responsible for giving permissions to these pri-
vate desalination projects. (Ismail, 2003) mentioned that PWA in cooperation with 
Ministry of Health is available to issue licenses for these plants. 
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Figure ( 5-3): Wells licensed situation 
5.1.4 Aspects of Control measures 
It is clear that the aspects of the control measures in the desalination plants are not taken 
into account of the owners and operators of the plants. The control measures included in 
the questionnaire are: security and safety equipment such as (stand by generator, auto-
matic shutdown, continues monitoring alarm, dormant fire), stock fencing around the 
water source, control of waste water effluent, diversion of local storm water flows 
around the well, use of pesticides nearby agricultural crops, taking approval from MoH 
to use water treatment chemicals and materials.  
From the results of the questionnaire, all of the desalination plants have a closed room 
around the water source and none of the desalination plants have diversion of local 
storm water flows around the well and none of them use pesticides nearby agricultural 
crops. Figure 5.4 illustrates that 20% of the desalination plants have safety equipment, 
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Figure ( 5-4): Safety equipment in the desalination plants 
Figure 5.5 illustrates that 11% of the desalination plants have an approval from MoH to 
use water treatment chemicals, while 89% do not have an approval. This result proves 
the necessity to establish a special department with qualified staff in the concerned offi-
cial authorities to monitor and follow up the water treatment chemicals quantity and 
quality in desalination plants.  
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5.1.5 Environmental impact 
Desalination is a water treatment process that removes salts from water. About 60% of 
the residual water from desalination plants is called brine. Brine is the water produced 
from sea and brackish water desalination plants and home units. Brine has a high con-
centration of salts (TDS), and sometimes a high concentration of chemical and toxic 
metals. Disposal of brine represents an urgent environmental problem as it could badly 
affect the surrounding environment. The high temperatures of disposed brine have a 
negative impact on municipal sewage, marine life and the surrounding environment. 
The chemistry of brine is the second category which has a great effect on the environ-
ment. 
Disposal of brine is a primary environmental issue associated with desalination. It must 
be considered as an important issue to deal with the unfavorable impact of its disposal 
(Alagha and Mortaja, 2005). 78% of the brine discharged in to Municipal sewage, 
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5.1.6 Storage System 
There are several types of water tanks in the desalination plants. Figure 5.7 shows that 
87% of the desalination plants use plastic tanks, while 5% use concrete tanks and 8% 
use stainless steel. 
 
Figure ( 5-7): Type of storage tanks 
On the other hand, 84% of the desalination plants clean the storage tanks in a period of 
more than one month; while 11% clean the storage tanks every month and 5% clean the 
storage tank every two weeks as shown in Figure 5.8 
From the previous results, obviously that there is no concern to hygiene from the own-
ers of the desalination plants, so the official authorities have to make awareness for the 
owners to make periodic cleaning twice a month and make sudden inspections in the 
desalination plants and apply penalties on every plant does not comply with hygiene. 
Thaher (2006) confirmed these results in his study, it is found that the majority of the 
water experts (81.3 %) believe that there are serious risks from handling and distributing 
the produced water from these private desalination companies; many studies and re-
searchers assured the pollution in handling water from the production site, to the trans-
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Figure ( 5-8): The periodic cleaning process for storage tanks 
 
5.1.7 Situation of Monitoring System 
The monitoring system included in the questionnaire consists of the monitoring visits by 
the official authorities to the desalination plants, the periodic chemical and biological 
tests, regular testing for the contaminants in the distribution system and cleaning of the 
tanks in the plants and the mobile tanks that used for the distribution. 
The results show that 90% of the owners of the desalination plants pointed that the 
PWA representative visit the desalination plants in a period of more than three months, 
while 10% of them pointed that the visits every three months as shown in Figure 5.9. 
Also 83% of the owners illustrate that the representative of MoH visits the desalination 
plants in a period of more than three months, while 17% of them pointed that the visits 
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Figure ( 5-9): The periodic visits of the representative of PWA 
 
 
Figure ( 5-10): The periodic visits of the representative of MoH 
From the previous results, it is necessary to establish a special department with qualified 
staff in the concerned official authorities to monitor and follow up the desalination 
plants to overcome the health and quality problems. Also, the different institution 
should do their duties towards the monitoring and assessment of the desalination plants. 
It is necessary to arrange regular visits from the mentioned staff to the desalination 
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 Concerning the periodic tests side, 84% of the desalination plants conduct chemical 
properties test every six months, while 11% of the desalination plants conduct the test 
every three months and 5% conduct the test every month as shown in Figure 5.11.  
Figure 5.12 shows that 95% of the desalination plants conduct microbiological test in a 
period of more than one month, while 5% of the desalination plants conduct this test 
daily. 
 
Figure ( 5-11): The periodic tests for chemical properties 
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From the previous results, it is worth mentioning that there is no monitoring in the de-
salination plants. The concerned official authorities should monitor and follow up these 
desalination plants to assure water quality according to the local and international stand-
ards. 
5.1.8 Situation of Management Procedures 
From the results of the questionnaire, it is clear that the desalination plants did not have 
management procedures. The management procedures need when the monitoring pro-
cess operates outside of the specifications of the operational limits. 83% of the owners 
did not have a contact with key personnel if the water has unusual taste or odor; this re-
sult shows the absence of management by the concerned authorities. Also 77% of the 
desalination plants did not have documentation system in the plant and 83% of the de-
salination plants did not have treated water in storage or alternative supply options. 
From the previous results, the concerned official authorities should impose list of man-
agement procedures on the plant‟s owner to ensure that this plants work under standards 
and specifications. 
5.1.9 Quality Assurance 
From the results of the questionnaire, it is clear that the desalination plants have not sys-
tem of quality assurance. This indicates that there is no monitoring from the concerned 
authorities on the desalination sector. 
The quality assurance required specialist staff from engineers and technical to assure 
that the plant works as required and examine the water that distributed to consumer‟s 
home. This staff should be included in water samples collection by MoH.  
None of the desalination plants have a staff to examine the water that distributed to con-
sumer‟s home, also only one plant has a trained staff in the plant involved in water sam-
ples collection by MoH. 
Figure 5.13 shows that 17% of the desalination plants have engineers in the plant check 
if the plant work as requested and 83% have not staff.  
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Figure ( 5-13): The plant has staff check the efficiency of the plant 
5.1.10 Supporting Programs 
The desalination plants need many supporting programs to improve the efficiency of the 
desalination sector in Gaza Strip. Examples of the needed support were free water tests 
by PWA and the concerned municipalities and ministries, free health tests to the work-
ers. Different support methods were mentioned by the owners of these private desalina-
tion companies such as: 
 Availability of RO membranes with suitable prices 
 Reduction in the fees of licensing the desalination companies and water wells. 
 Technical and financial support. 
 Free water tests. 
 Purchasing the produced water from these companies and distributing it to the 
governmental institutions. 
The interviews of the owners of the desalination plants showed that all the own-
ers assured that they did not receive any type of support from the official author-
ities. 
The results show that 73% of the workers in desalination plants have not hygienic work-
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Figure ( 5-14): The workers have hygienic working knowledge 
Also, 83% of the workers in the desalination plants have not training of operation and 
maintenance, while 17% have this training. 
 
Figure ( 5-15): Training of operation and maintenance for the staff 
Thaher (2006) recommended that the concerned official water institutions have to sup-
port these projects since these projects participate in the solution of drinking water crisis 
in the Gaza Strip. 
The decision makers in official authorities, municipalities or water utilities should take 
into consideration the importance of capacity building for the workers in the desalina-
tion plants through organize several workshops in the field of operating, maintenance, 
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5.2 Results of Water Vendors Questionnaire (Interview) 
This questionnaire was conducted with 18 water vendors randomly (each desalination 
plant contain more than one vendor) chosen from the area study. The discussed issues 
in the interviews were: type of distribution system, monitoring system, cleaning and 
disinfection, and quality assurance. 
Concerning the competency of the workers, it is clear that most of the water vendors 
have secondary school or below. This result shows that the workers in this field have 
not any knowledge about hygienic or the issues that result in water pollution. 
The concerned authorities must conduct training programs for the water vendors. These 
programs include training courses in hygienic knowledge, water quality and the effect 
of water pollution on the public health. 
Concerning the monitoring system, Figure 5.16 shows that 22% from the water ven-
dors say that there is regular testing for the contaminants while 78% of them say that 
there is no regular testing for the contaminants. From the previous results it is neces-
sary to organize clear program for periodic test for the contaminants in the distribution 
system to ensure that these tanks were cleaned and disinfected by the water vendors. 
The types of these tanks are clear in Figure 5.17, 88.9% of the tanks made from stain-
less steel and 11.1% of tanks made from plastic. 
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Figure ( 5-17): Types of the mobile tanks 
Figure 5.18 shows that 78% of the water vendors confirmed that MoH has made sudden 
inspection for the distribution system of desalinated water. 
 
Figure ( 5-18): MoH has made sudden inspections 
Concerning the legal side, 73% of the water vendors have a license to sell the desalinat-
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Figure ( 5-19): Water vendors have license to sell desalinated water 
From the previous result, it is clear that wide number of the water vendors have a li-
cense to sell water. The concerned authorities can apply some conditions to get the li-
cense to sell the desalinated water such as getting some courses in the field of hygienic, 
cleaning the mobile tank and how to maintain the distribution tube from the pollutants. 
On the other hand, the cleaning and disinfection process are not regular in the distribu-
tion system. This is clear from the results of the interviews with the water vendors. Fig-
ure (5.20) shows that 51.1% of the water vendors clean the mobile tank in a period more 
than one month, while 38.8% of them clean the mobile tank every two weeks and 11.1% 
of them clean the mobile tank every week. 
Also, concerning the disinfection process, 16 % of the water vendors disinfect the mo-
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Figure ( 5-20): The periodic cleaning process of the mobile tanks 
 
Figure ( 5-21) Water vendors disinfect the mobile tank 
It is important to mention that from the results of the interviews the workers cannot 
make the disinfection due to the lack in the hygienic knowledge and how to disinfect the 
tanks, so it is recommended to establish special department with qualified staff to con-
duct the disinfection process.   
Figure 5.22 shows that 72.2% of the water vendors do not empty the mobile tank before 
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because the tank is already empty while 11.1% of them empty the tank before filling it 
with new desalinated water. 
It is necessary to empty the tank before filling it with new desalinated water to avoid the 
mix with the old water and decrease the pollution level. 
 
Figure ( 5-22): Water vendors empty the tank before fill it with new water 
 
Figure (5.23) shows that 38.9% of the water vendors fill the mobile tank from one de-
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Figure ( 5-23): Filling of the mobile tanks 
 
5.3 Results of Consumers Questionnaire 
Questionnaires were administrated with 400 consumers (38.5%) out of them were in the 
age category (26-35) years old with males as the majority (83.5%). Detailed results of 
the age and sex categories are given in appendix (4). The study sample of the education-
al level indicates that (53.5%) out of them hold Bachelors or above while (6.3%) hold 
elementary education.  
36.3% of consumers have 7-9 family members. The study sample indicates that that 
(37.8%) have a month family income less than 1200 New Israeli Shekels (NIS), while 
only (1.8%) has above 4000 NIS. 
Regarding the dealing with the desalination plants, the results indicate that (77.8%) out 
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Figure ( 5-24): Consumers were deal with one plant 
 
The consumers have different reasons for dealing with only one desalination plant. The-
se reasons different due to better quality, fast service, easy to get water and trust. Figure 
5.25 shows these reasons. 
 
Figure ( 5-25): Reasons for dealing with one plant 
 
Because of the bad municipal water quality (high salinity), (74.5%) out of the consum-
ers purchased the desalinated water from the desalination plants, and the others have 
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Figure ( 5-26): Reasons for purchased desalinated water 
Regarding the period between filling the home tanks with desalinated water, (42.5%) 
out of the consumers were filled their tanks every 7-10 days and (11.3%) out of them 
were filled their tanks in a period more than 14 days. The capacity of these tanks were 
(94.3%) of the tanks were with capacity of 200 liters while (5.8%) of the tanks were 500 
liters. 
Regarding the material of the tanks, the majority of the consumers (97%) used plastic 
tank, in addition to (96.8%) out of the consumers indicated that the cover of the tanks is 
well closed and (47.8%) out of them indicated that the location of tanks is adequate (far 
from the sun and dust). 
The last result indicates that the consumers should have a hygienic awareness about the 
location of the tank and should know the risks of the position of the tank when exposed 
to the sun and dust. 
Also, the majority (83.3%) out of the consumers did not empty the tank before filling it 
with new desalinated water, this behavior did not give an opportunity to clean up the 
tank and to eliminate the pollutants in the tanks. Table 5.1 shows the distribution of the 
consumers among the place of living that they did not empty the tank before filling it 
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Table ( 5-1): Results of consumer’s questionnaire with concern to emptying the 
tank 
 No Yes Total 
Residency / living Number (%)* Number (%)* Number (%)** 
Deir El Balah 53 (75.7 ± 5%) 17 (24.3 ± 5%) 70 (17.5 ± 5%) 
Nusirat 55 (83.3 ± 5%) 11(16.7 ± 5%) 66 (16.5 ± 5%) 
Maghazi 55 (83.3 ± 5%) 11(16.7 ± 5%) 66 (16.5 ± 5%) 
Buraij 56 (84.8 ± 5%) 10 (15.2 ± 5%) 66 (16.5 ± 5%) 
Zahraa 61 (92.4 ± 5%) 5 (7.6 ± 5%) 66 (16.5 ± 5%) 
Zawaida 53 (80.3 ± 5%) 13 (19.7 ± 5%) 66 (16.5 ± 5%) 
* % of the consumers answers among the place of living 
** % of the total among place of living groups 
 
 Concerning the hygienic knowledge side, the majority (91%) out of the consumers did 
not inform the owners of the desalination plants when they feel that there is problem in 
the odor or taste in the water. From this result, it is clear that the consumers have not the 
required knowledge about the water quality and the risks of water pollution on the pub-
lic health. The concerned authorities are the responsible about this problem. The re-
searcher suggested that the authorities should establish an information center include 
specialists in the field of water quality and biology to enable the consumers to contact 
with the specialists when they have a problem in the desalinated water. Table 5.2 shows 
the variety of the consumer‟s answers according to their place of living. 
  
MS.c Thesis- M. AlAzaiza                                                                              Page | 81 
Table ( 5-2): Results of consumer’s questionnaire with concern to hygienic 
knowledge 
 No Yes Total 
Residency / living Number (%)* Number (%)* Number (%) ** 
Deir El Balah 63 (90.0 ± 5%) 7 (10.0 ± 5%) 70 (17.5 ± 5%) 
Nusirat 61 (92.4 ± 5%) 5 (7.6 ± 5%) 66 (16.5 ± 5%) 
Maghazi 59 (89.3 ± 5%) 7 (10.7 ± 5%) 66 (16.5 ± 5%) 
Buraij 61 (92.4 ± 5%) 5 (7.6 ± 5%) 66 (16.5 ± 5%) 
Zahraa 60 (90.9 ± 5%) 6 (10.1 ± 5%) 66 (16.5 ± 5%) 
Zawaida 58 (87.9 ± 5%) 8 (12.1 ± 5%) 66 (16.5 ± 5%) 
* % of the consumers answers among the place of living 
** % of the total among place of living groups 
 
On the other hand, when the consumers were asked about the cleaning and disinfection 
of their tanks, it is clear from their answers that there is insufficiency in the hygienic 
knowledge among the consumers. Table 5.3 shows the variety of the consumer‟s an-
swers. 
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Table ( 5-3): Do you clean and disinfect your tank 
 No Yes Total 
Residency / living Number (%)* Number (%)* Number (%)** 
Deir El Balah 53 (75.7 ± 5%) 17 (24.3 ± 5%) 70 (17.5 ± 5%) 
Nusirat 62 (93.9 ± 5%) 4 (6.1 ± 5%) 66 (16.5 ± 5%) 
Maghazi 60 (90.9 ± 5%) 6 (9.1 ± 5%) 66 (16.5 ± 5%) 
Buraij 55 (83.3 ± 5%) 13 (16.7 ± 5%) 66 (16.5 ± 5%) 
Zahraa 65 (98.5 ± 5%) 1 (1.5 ± 5%) 66 (16.5 ± 5%) 
Zawaida 63 (95.5 ± 5%) 3 (4.5 ± 5%) 66 (16.5 ± 5%) 
* % of the consumers answers among the place of living 
** % of the total among place of living groups 
Figure 5.27 shows the time period for cleaning and disinfection of the tanks. The major-
ity (54.1%) of the consumers who cleaned and disinfected the tanks answered that the 
time period for cleaning and disinfection of the tank was more than 4 weeks.  
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Concerning the opinions of the consumers in general about the water crisis, the majority 
(89.9%) out of the consumers agree that the desalination plants contribute in solving 
water crisis. On the other hand, (88%) out of the consumers agree that these plants will 
improve the water services in Gaza Strip. 
Concerning the opinions of the consumers about the performance of the concerned au-
thorities, the majority (89.6%) out of the consumers disagree that the formal authorities 
which concerned in water issues do positively to monitor these plants to ensure water 
quality.  Also, the majority (91.8%) out of the consumers agree that the concerned au-
thorities should support these plants. These points of view should be taken into account 
by the concerned authorities to improve their services and performance. 
Concerning a public awareness side, the majority (91.3%) out of the consumers did not 
receive any awareness publications about water pollution from the concerned authori-
ties. The variety of the consumers who received awareness publications shown in Table 
5.4. 
Table ( 5-4): Results of consumer’s questionnaire with concern to receiving aware-
ness publications about the water pollution 
 No Yes Total 
Residency / living Number (%)* Number (%)* Number (%)** 
Deir El Balah 55 (78.6 ± 5%) 15 (21.4 ± 5%) 70 (17.5 ± 5%) 
Nusirat 60 (90.9 ± 5%) 6 (9.1 ± 5%) 66 (16.5 ± 5%) 
Maghazi 62 (93.9 ± 5%) 4 (6.1 ± 5%) 66 (16.5 ± 5%) 
Buraij 65 (98.5 ± 5%) 1 (1.5 ± 5%) 66 (16.5 ± 5%) 
Zahraa 61 (92.4 ± 5%) 5 (7.6 ± 5%) 66 (16.5 ± 5%) 
Zawaida 62 (93.9 ± 5%) 4 (6.1 ± 5%) 66 (16.5 ± 5%) 
* % of the consumers answers among the place of living 
** % of the total among place of living groups 
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On the other hand, the majority (89.5%) out of the consumers did not participate in lec-
tures or workshops concerning water and pollutions. The variety of the consumers who 
participated in lectures and workshops shown in table 5.5 
Table ( 5-5): Did you participate in workshops or lectures concerning water and 
pollution 
 No Yes Total 
Residency / living Number (%)* Number (%)* Number (%)** 
Deir El Balah 65 (92.9 ± 5%) 5 (7.1 ± 5%) 70 (17.5 ± 5%) 
Nusirat 62 (93.9 ± 5%) 4 (6.1 ± 5%) 66 (16.5 ± 5%) 
Maghazi 59 (89.4 ± 5%) 7 (10.6 ± 5%) 66 (16.5 ± 5%) 
Buraij 55 (83.3 ± 5%) 11 (16.7 ± 5%) 66 (16.5 ± 5%) 
Zahraa 57 (86.4 ± 5%) 9 (13.6 ± 5%) 66 (16.5 ± 5%) 
Zawaida 60 (90.9 ± 5%) 6 (9.1 ± 5%) 66 (16.5 ± 5%) 
 
 
5.4 Results of Water Samples Chemical Analysis (Secondary Data) 
5.4.1 pH 





. Due to the desalination process and the elements removal, the pH 
value of some desalinated water became under the minimum concentration that recom-
mended by the WHO. So, after desalination, pH needs to be increased by adding NaOH. 
If this operation does not take place at all RO plants, the pH of the water will be very 
low. The pH analytical data in the product water samples show that (44%) of the sam-
ples has pH lower than 6.5. Figure 5.28 shows the pH concentration in the product water 
samples. 
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Figure ( 5-28): pH concentration in the produced water samples 
5.4.2 Total Dissolved Solids (TDS) 
The all water samples have TDS concentration committed with the maximum limit of 
WHO standards, but it clear that these desalination plants do not pay attention to the 
recommended minimum limits. The recommended minimum level of TDS in drinking 
water 100 mg/l and maximum value of 1000 mg/l(WHO,2004) 
The TDS concentration in water samples ranges from 51.4 mg/l to 170.8 mg/l. Figure 
5.29 shows the TDS concentration in the produced water samples. 
In the Gaza Strip, private vendors are competing among themselves in order to supply a 
product free of TDS, as over time consumers have become accustomed to the taste of 
low-mineral-content water. Thus, this competition is based on consumer expectations 
and not on awareness of the importance of the presence of mineral and other beneficial 
constituents in drinking water.  
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Figure ( 5-29): TDS concentration in the produced water samples 
5.4.3 Magnesium (Mg2+) 
Although there are no known harmful health effects among the general public associat-
ed with the consumption of calcium and magnesium within a large range, based on cur-
rently available data, various researchers have recommended that the following levels of 
calcium, magnesium should be in drinking water: 
 For magnesium, a minimum value of 10 mg/l and maximum value of about 60 
mg/l. 
 For calcium, a minimum value of 20 mg/l and maximum value of about 100 
mg/l (WHO, 2005a). 
The analysis results show that all product samples have Mg concentration less than the 
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Figure ( 5-30): Magnesium concentration in the produced water samples 
5.4.4 Total Hardness (TH) 
The WHO states that the maximum allowable value of total hardness concentration for 
drinking water is 500 mg/l as CaCO3.Allwater samples have TH concentration accepted 
by the WHO standards. The total hardness concentration in water samples ranges from 
4.1 mg/l to 65.4 mg/l as shown in Figure 5.31. 
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5.4.5 Calcium (Ca2+) 
All water samples have calcium concentration less than the maximum recommended 
level (100 mg/l) by WHO, and less than the minimum recommended level (20mg/ l) 
except one sample as shown in Figure 5.32. 
 
Figure ( 5-32): Calcium concentration in the produced water samples 
 
5.4.6 Sodium (Na+) 
All water samples have sodium concentration less than the maximum recommended 
level (200 mg/l) by WH O. The sodium concentration in water samples ranges from 9 
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Figure ( 5-33): Sodium concentration in the produced water samples 
5.4.7 Potassium (K+) 
Potassium concentration of all the water samples is under the WHO recommendation 
standard (5mg/l). Potassium concentration ranges from 0.1 mg/l to 0.6 mg/l as shown in 
Figure 5.34. 
 
Figure ( 5-34): Potassium concentration in the produced water sample 
5.4.8 Chloride (Cl-) 
The chloride concentration of all the water samples is under the WHO recommendation 
standard (250 mg/l). Chloride concentration ranges from 17.3 mg/l to 46.2 mg/l as 
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The Nitrate concentration in all water samples is less than the WHO recommended level 
(50mg/l). Nitrate concentration ranges from 2.3 mg/l to 20.6 mg/l as shown in Figure 
5.36. 
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5.5 Results of Water Samples Microbiological Analysis 
5.5.1 Samples from the Outlet of Desalination Plants 
18 samples were collected from the outlet of the desalination plants. Only one plant has 
TC =50 colony/100ml and the others have negative TC. Appendix (6) shows these data. 
5.5.2 Samples from mobile tanks (delivery trucks) 
Table 5.6 shows the microbiological analysis for water samples from mobile tanks ac-
cording the location of the mobile tanks. It is clear that 6 (40%) out of 15 mobile tanks 
have microbiological pollutants. Appendix (7) shows the detailed of the analysis. 
Table ( 5-6): Microbiological analysis for water samples from delivery trucks 
Location No. of samples No. of infected samples 
Deir AlBalah 3 1 
Maghazi 4 4 
Nusirat 4 0 
Zawaida 1 0 
Buraij 3 1 
Total 15 6 
 
From the previous results, it is clear that the hazardous events are high in the distribu-
tion system (delivery tanks), Total Coliform ranges from 1colony/100ml to 8 colony/ 
100ml, and this is due to insufficiency cleaning and disinfection of the delivery tanks. 
The interviews with the water vendors confirm that there is no regular cleaning and dis-
infection for these tanks.  
The concerned authorities should regulate awareness campaign for the workers of the 
delivery tanks and describe the risks of the water pollution on the public health. Also, 
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the authorities should prevent the water vendor who does not committed with the regu-
lations of cleaning. 
On the other hand, it is necessary to increase the sudden inspection for these tanks and 
check the water quality in the tanks to monitor the quality of the water in theses tanks 
and reduce the chances of pollution. 
5.5.3 Samples from home tanks 
Table 5.7 shows the microbiological analysis for water samples from home tanks ac-
cording the residency of the consumers. 
Table ( 5-7): Microbiological analysis for water samples from home tanks 
Location No. of samples No. of infected samples 
Deir AlBalah 4 0 
Maghazi 3 2 
Nusirat 3 1 
Zawaida 5 0 
Buraij 5 1 
Total 20 4 
 
From the previous results it is clear that there are some infected samples in home tanks, 
but the pollution in this stage is less than the distribution stage.it is clear that the infect-
ed tanks percentage is 20%. Total coliform ranges were very small except on sample 
has TC= 50 colony/ 100ml. Also, consumers need more public awareness and training 
courses on the hygienic knowledge. Consumers need to know that the periodic cleaning 
of their tanks will save safe drinking water and protect their children from diseases.  
On the other hand, the authorities should include samples from home tanks in monitor-
ing program to ensure the quality of water. 
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This chapter represents the proposed water safety plan in Gaza Strip and how to apply 
the basic stages of WSP to achieve the objectives of it. 
6.2 Water Safety Plan team 
It is proposed to establish a committee that included list of water engineers, water ex-
perts, scientists, chemists and microbiologists. This committee consists from members 
mainly from PWA, CMWU, MoH, EQA, NGO‟s and universities professors. The task 
of this committee is to determine the responsibilities of the individuals on the team and 
to assessment the water supply from catchment to consumer. Each individual will be 
responsible for a particular specialty according to his experience and specialization. 
6.3 Water supply system 
WSP team is responsible for describing the water supply system to support risk assess-
ment process and provide sufficient information to identify where the system vulnerable 
to hazardous events. The main water source for drinking use in Gaza Strip is groundwa-
ter. All of the desalination plants take the water from groundwater and the method that 
used in desalination system is RO. 
 Water is pumped from pumping well to the storage tank, then flows through a 5-micron 
cellulose filter. This filter is usually used as prefilters because it is an economical way to 
remove 98% of suspended solids, dirt, rust and other sediment. It also protects elements 
downstream from fouling or clogging. After that, water is stored in tank. Next, water 
flows through another 5-micron cellulose filter to ensure effective filtration. Water is 
split into two paths; in the first path water flows to the softener. The softener has a small 
tank full with NaCl, the softener function is to replace Mg2+and Ca2+ with Na+, and 
this process is called Ion Exchange, aiming at reducing the water hardness. Then, water 
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flows to the activated carbon filter, which is made of cool, coconut, lignite and wood. In 
the next stage of the process, water flows to the RO membrane system. RO membranes 
are capable of rejecting practically all particles, bacteria, and viruses (Aish, 2011). De-
salinated water is stored in the desalination plants in tanks made from plastic and stain-
less steel material and   distributed by water mobile tanks and fixed water tanks in the 
corner shops. These tanks are mainly made from stainless steel material. The desalinat-
ed water use for drinking and domestic purposes. Water quality standards used in Gaza 
Strip is Palestinian standard   
6.4 Hazardous events 
The importance of hazard identification is to conduct a hazard analysis in order to estab-
lish what requires controlling in order to provide safe drinking-water. From the results 
of the research it is clear that the most hazardous event was in the second and last stage 
of the water distribution system (delivery trucks and home tanks). This is due to the lack 
in awareness among consumers and water vendors. The WSP team should regulates 
workshops, training courses and awareness publication about water pollution and the 
importance of periodic cleaning of the home tanks and mobile tanks and how to main-
tain the home tank out of the source of pollution (sunlight and dust). 
6.5 Control measures 
Control measures are identified by considering the hazardous events that can cause con-
tamination of water, both directly and indirectly, and the activities that can mitigate the 
risks from those events. It is important to focus the control measures in all stages of wa-
ter distribution in order to prevent the hazardous event. The proposed control measures 
as the following: 
 The WSP team should promote awareness in the community of the impact of 
human activities on water quality to prevent the leakage of waste water to the 
groundwater.WSP team should conduct a monitoring plan to monitor water 
quality in all stages of water distribution and make a schedule for water sam-
pling. 
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 It is important to regulate training courses for the staff who work in the desalina-
tion plants to promote awareness about water pollution and its effect on the pub-
lic health. 
 The WSP team should make more sudden inspections for the desalination plants 
and water mobile tanks. 
 The desalination plants must take an approval from MoH to use water treatment 
materials and chemicals. 
 Controlling the access of people in the desalination plants and provides the ap-
propriate security measures to prevent transfer of hazards. 
6.6 Monitoring of the control measures 
It is important to conduct monitoring plan that monitor and assess the control measures, 
the proposed monitoring plan should include the parameters to be monitored such as 
periodic microbiological analysis to ensure the quality of the desalinated water. It is im-
portant to conduct schedules for the sampling from all stages in the distribution system. 
However, WSP team should provide the main tools for sampling, the requirements for 
documentation and management of the records and the requirements for reporting and 
communication of the results. 
6.7 Management procedures 
The management procedures should prepare by the WSP team, every member of the 
team should provide the information according his experience and knowledge and 
should be updated as necessary. Management procedures are the actions to be taken dur-
ing normal operational conditions, and detail the steps to follow in specific “incident” 
situations where a loss of control of the system may occur. The proposed management 
procedures are the following: 
 Establishment an information center to help the consumers in case that the 
drinking water has a problem in odor or taste and find appropriate solution for 
the problems. 
 Determination of the quantity of the chemicals and materials that used in water 
treatment. This quantity should listed as a standard quantity and the plant‟s 
owners must committed by it. 
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6.8 Supporting programs 
The WSP team should coordinates with the stakeholders and the local community to 
support the desalination plants, the water vendors and consumers. The following is the 
proposed supporting methods for the desalination sector: 
 The WSP team should contact with Donors and stakeholders to provide the sup-
port for the desalination plants in order to provide drinking water with good 
quality such as the availability of RO membranes with suitable prices, reduction 
in the fees of licensing the desalination companies and water wells and free wa-
ter sample test. 
 Conduct training workshops, training courses and public awareness for the 
community. 
 Special training courses for the worker in this field in operation and maintenance 
and hygienic working   knowledge. 
6.9 Plan and carry out periodic review of the WSP 
The WSP team should periodically meet and review the overall plan and learn from ex-
periences and new procedures and conduct the required corrective actions for the plan. 
The team should reassess the risks that will appear in every stage in the water distribu-
tion.
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Table ( 6-1): Water safety plan. 
plan Item Activities Targeted Institution Recommended Time 
Hazardous Identification  Describe the water supply system. PWA+ Water Experts  ______ 
 Define the microbiological hazard at each 
stage in the desalinated water distribution 
system 
PWA + MOH+ related 
NGO‟s 
Monthly 
 Define the chemical hazards which may 
occur in the desalinated water. 
PWA + MOH + related 
NGO‟s 
Monthly 
Control measures  Conduct periodic sudden inspections for 
the desalination plants, delivery trucks and 
some samples from home tanks. 
MOH Every six months 
 Regulate training courses for the staff who 
work in the desalination plants and water 
vendors. 
PWA +CMWU ______ 
 Promote public awareness in the commu-
nity about the impact of water pollution on 




 Regulate the use of chemicals and materi-
als which used in water treatment process.  
MOH ______ 
MS.c Thesis- M. AlAzaiza                                                                                                                                                         Page | 98 
Control measures  Controlling the access of people in the de-
salination plants and provides the appro-
priate security measures to prevent transfer 
of hazards. 
 
Plants Owners ______ 
 Controlling the effluent of brine EQA ______ 
Monitoring of control 
measures 
 Regulate the parameter to be monitor. PWA + MOH ______ 
 Make schedules for water sampling in all 
stages in the desalinated water distribution 
system. 
PWA + MOH Monthly 
 Provide the main tools for sampling. PWA + CMWU  Municipal-
ities + related NGO‟s 
______ 
 Provide the requirements for reporting and 
communications results. 
PWA + CMWU  Municipal-
ities 
______ 
 Provide the requirements for documenta-
tion. 
PWA + CMWU  Municipal-
ities 
______ 
Management Procedures  Establish an information center to help the 
consumers if there are any problems in the 
PWA +  Municipalities ______ 
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desalinated water. 
Management Procedures  Determine the quantity of the chemicals 
and materials that used in water treatment 
process. 
MOH ______ 
Supporting Programs  Contact with Donors and stakeholders to 
provide the support for the desalination 
plants. 
PWA ______ 
 Conduct training workshops, training 
courses and public awareness for the 
community. 
Municipalities ______ 
 Special training courses for the worker in 
this field in operation and maintenance 
and hygienic working   knowledge. 
PWA+MOH ______ 
Revision of the WSP  Regulate periodic meeting between the 
members of the WSP. 
PWA monthly 
 Reassess the risks that will appear in every 
stage in the water distribution. 
PWA+MOH monthly 
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The following figure shows the recommended WSP framework: 























 Describe the water supply system). 
 Contact with donors and stakeholders to 
provide the support. 
 Assist in regulating training courses. 
 Regulate periodic meeting between the 
members of WSP 
 Define chemical & microbiological haz-
ards. 
 Conduct periodic sudden inspection. 
 Regulate the use of chemical materials. 

 Determine the effect of the DP on the 
environment. 
 Controlling the effluent of brine. 
 Municipalities& Relat-
ed NGO‟s 
 Provide the required support for the DP. 
 Assist in regulating training courses and 
public awareness. 
CMWU  Assist in regulating training courses and 
public awareness. 
 Provide the main tools for sampling. 
 Provide the requirements for documenta-
tion and reporting. 
Water Experts  
 Assist in the description of water supply 
system. 
 Assist in in regulating training courses 
and public awareness. 
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CAHPTER 7 :  Conclusion and Recommendations 
 
7.1 Conclusions 
1. The Water Safety Plan approach is best approach to apply in Gaza Strip to assure wa-
ter quality and assess the   hazardous events in the desalination water system. 
2. WSP is a process control oriented management system that can help water suppliers 
to produce and deliver good and safe drinking-water, contributing in this way to im-
prove public health protection. 
 
3. The WSPs are by their nature dynamic and require regular review and updating as 
new information is obtained about performance of WSPs, hazards and risk events. 
 
4. Setting WSP targets is a good starting point for an M&E process. The targets identi-
fied should relate to the goals and objectives of the WSP. To monitor the progress to 
achieving those targets, indicators need to be identified. These indicators need to be re-
alistic, tangible, directly related to the WSP. 
 
 5.  The Water Safety Plan is not applied in the desalination sector in Middle Gover-
norate and number of actions needed to secure safety of drinking water. 
6. The study confirmed that the concerned authorities such as PWA, CMWU and the 
concerned ministries should perform their duties towards the establishment of commit-
tee that begins to configure WSP team to apply WSP approach in Gaza Strip. 
7. The desalination plants were socially acceptable since the consumers were satisfied 
with the treated water quality. 
9.  It is clear that the main hazardous events in the desalination water distribution sys-
tem were at the second stage in the system (mobile tanks), this is due to the lower level 
in the hygienic knowledge and the risks of water pollution on the public health. 
10. The study confirmed the importance of monitoring and follows up of the desalina-
tion plants in Gaza Strip to pursue the compliance of these desalination plants to condi-
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tions and terms of water quality that agreed on and the monitoring program should in-
clude the delivery trucks and samples from home tanks. 
 
11. The study confirmed the necessary need of these private desalination plants for 
technical and consultative support from the concerning official authorities to ensure 
their efficient work. 
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7.2  Recommendations 
 1. Close coordination between all the parties involved in water issues (such as deci-
sion makers, water experts, water research centers, municipalities and lawyers) is re-
quired to confirm the implementation of WSP in Gaza Strip. 
 
2. Authorities need to take the initiative and create a national framework for safe 
drinking water with effective guidance and regular external audit of WSP and im-
proved registering of information on water quality, compliance to legal requirements 
and contamination events. 
 
3. Establishing an integrated monitoring system to follow up the performance of the 
private and governmental water desalination plants to guarantee the quality of the wa-
ter during production and distribution stages and the monitoring program should in-
clude the delivery trucks and samples from home tanks. 
 
4.   More support (technical and consultative) from the concerned authorities is need-
ed for the desalination plants. 
 
5.  Conducting an awareness campaign for the residents of Gaza strip on water issues 
such as quality and pollution, along with the proper conservative ways in water con-
sumption. Among the parties that can lead and take part in this campaign are the Pal-
estinian water authority, water research centers in the universities, ministry of health, 
ministry of education and environment authority. 
 
6. More attention should be given for capacity building programs. These programs 
should be directed to the workers in the desalination sector that describe the impact of 
water pollution and water quality standards. 
 
7. Monitoring program of desalinated drinking water should include also delivery 
trucks and home tanks. These trucks and tanks need to be subjected for drinking water 
analysis and for hygiene check. 
 
MS.c Thesis- M. AlAzaiza                                                                          Page | 104 
8. The concerned authorities should prevent the delivery trucks that use white plastic 
tanks because these tanks exposed to sun and have bad impact on the public health. 
  
9. The desalination plants must be professionally operated according to global stand-
ards to protect the quality of desalinated water. This includes implementing necessary 
pre and post treatment of water, as needed, and maintenance of the desalination units. 
 
10. More attention should be given to the effect of brine that is pumped from desalina-
tion plants into the sewerage networks to avoid any reaction with the concrete man-
holes and asbestos or steel pipes. 
 
11. Further studies are needs for water contamination and its relation to human health. 
 
12. Further studies are recommended to be elaborated on the use of desalinated treated 
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APPENDIX (1) 
Questionnaire for the Owners of the desalination plants 
Answer  Questionnaire items  No. 
Plant General information 
   Plant name: 1 
 
Owner name :(Optional)  2 
  Tel./ mob. : 3 
  Location: 4 
  Year of plant startup : 5 
  number of employees in the plant: 6 
  High school 






  Diploma 
  Bachelor 
  High degree 
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Answer  Questionnaire items  No. 
System description 
   Type of desalination process  8 
other 
o well  
o Munici-
pal 
Source of water 9 
  If the source of raw water is brackish well, how far from the plant? 10 
  Design capacity (m3/day) 11 
  Number of working hours/day 12 
o other  
o Municipal 
sewer 
Where the brine is discharged?  13 
 What is the type of disinfectant used in the disinfection process in the plant? 14 
 What is the disinfectant dose? 15 
>1month 1 month 2 weeks 
How long does it takes usually between two cleaning processes for water storage 
system in the plant? 
16 
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Answer  Questionnaire items  No. 
Storage System 
>1month 1 month 
2 
weeks 
How long does it takes usually between two cleaning processes for water storage 
system in the plant? 17 
 
How many liters of brackish water are consumed in the desalination process to 
produce 1 liter of desalinated water? 18 





ss steel What is the type of storage tank in the plant? 20 













 TDS  TDS 
 NO3  
NO
3 
 CL  CL  
 pH  pH 
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No. Questionnaire items Answer 
  F  F  
SO4  SO4  
Alkal.  Alkal.  
Hardness  Hardness  
Ca++  Ca++  
Mg++  Mg++  
Plant distribution & Monitoring System 
22 The desalinated water is distributed by:  The plant 
 Other water vendors 
 The above two systems 
23 If the plant has a system for distributing water by itself, what is this system?  Water mobile tanks 
 Water fixed tanks 
 The above two systems 
24 If the plant distributes desalinated water by its mobile tanks, what is its capaci-
ty? 
 
25 How long does it take usually between two visits to the plant by representa-
tives of PWA? 
1 months 3 months >3months 
26 How long does it take usually between two visits to the plant by representa-
tives of The Ministry of Health? 
1 months 3 months >3months 
27 Which laboratory does perform the plant tests? Is this laboratory governmen-
tal or private or other 
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No. Questionnaire item Answer 
28 How often does it take to conduct bacteria pollution tests? 1 weeks 2 weeks 1months or 
more than 
29 How often does it take to conduct chemical and physical properties test? 3 months 6 months >1year or 
more than 
30 Is there Regular testing for contaminants in the distribution system  � Yes 
How often:__________ 
�No 
31 How often does it take to clean the water mobile tank? 1 weeks 2 weeks 1months or 
more than 
Legal Information , control measures & management procedures 
32 Is the plant licensed or unlicensed �licensed �Unlicensed 
33 IF the Source of raw water is well, Is the well 
licensed or unlicensed 
�licensed �Unlicensed 
34 Do you have  future plans for the plant �Yes �No 
35 Do you have  stock fencing a round water source �Yes �No 
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36 Do you have control of waste water effluent �Yes �No 
37 Do you have  diversion of local storm water flows around the well  �Yes �No 
38 Does the wellhead has safe distance “ within 200m”  from potential contamination  �Yes �No 
 
No. Questionnaire item Answer No. 
39 Are pesticides being used on nearby agricultural crops �Yes �No 
40 Do you use lawn fertilizers near the well �Yes �No 
41 Do you have an approval from Ministry of health to use  water treatment chemicals 
and materials 
�Yes �No 
42 If the water has unusual taste or odor, do you have a contact with a key personnel �Yes �No 
43 Do you have documentation system for the plant �Yes �No 
44 Does your system has treated water in storage or alternative supply options �Yes �No 
45 Is there an engineers in the plant check if the plant work as requested �Yes �No 
46 Is there  engineers  examine the water that distributed to consumer’s home �Yes �No 
47 Is there a trained staff in the plant involved in water samples collection by MOH �Yes �No 




48  Does your staff have hygienic working   knowledge   �Yes �No 
49 Does your staff have Training of operation and maintenance  �Yes �No 
50 Does your plant receive support from the official authorities. �Yes �No 
MS.c Thesis- M. AlAzaiza                                                                                                                                                       Page | 121 
APPENDIX (2) 
Questionnaire for water vendors (Water mobile tanks) 
Answer  Questionnaire items  No. 
  name: 1 
  Tel./ mob. : 2 
  Location: 3 







  Diploma 
  Bachelor 






What is the type of the mobile tank 
 5 
no  yes Is there Regular testing for contaminants in the distribution system 6 
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>1month 2week 1 week 
How long does it takes usually between two cleaning processes for the mo-
bile tank? 8 
no  yes Do you have a license to sell the desalination water 9 
 The types of distribution tubes that are used in the distribution system 
 
10 
no  yes Do you have disinfection system for the mobile tank? 11 
More than one plant One plant 
Do you fill the mobile tank with desalinated water from one plant or more 
than one? 12 
No because of empty 
of the tank No yes 
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APPENDIX (3): QUESTIONNAIRE FOR WATER CONSUMERS 
 أخً المواطن:
درجة الماجستٌر فً البداٌة نتقدم لكم بالشكر الجزٌل على مشاركتكم فً تعبئة هذا االستبٌان واالجابة على االسئلة وذلك كجزء من البحث التكمٌلً لنٌل 
مٌة بغزة.فً هندسة مصادر المٌاه من كلٌة الهندسة فً الجامعة االسال   
لك لجأ العدٌد من ٌعانً قطاع غزة من العدٌد من المشاكل فً مجال المٌاه وخصوصا مشكلة مٌاه الشرب وٌرجع ذلك الى قلة الموارد المائٌة فً قطاع غزة, ولذ
.سكان قطاع غزة الستخدام مٌاه التحلٌة الناتجة من محطات التحلٌة المركزٌة والتابعة لشركات خاصة  
.منطقة الوسطى للمستهلكٌن القاطنٌن فً المنطقة الوسطى من الناحٌة الصحٌة بعمل دراسة تهدف الى تقٌٌم مدى مالئمة مٌاه التحلٌة فً ال ٌقوم الباحث  
.جمٌع المعلومات التالٌة سوف تستخدم ألغراض البحث فقط  
 شكرا لتعاونكم
 الباحث
 الجزء األول : معلومات عامة 
 رقم السؤال االجابة
)اختٌاري( االسم :   1 
 2 العمر  
 3 الجنس ذكر )      ( أنثى )   (
 4 المؤهل العلمً اعدادي )     ( ثانوٌة عامة )       ( دبلوم )       ( جامعً )       (
 5 مكان السكن دٌر البلح النصٌرات المغازي البرٌج الزهراء الزواٌدة
 6 عدد افراد األسرة 
<3000 2000-2000  0000-2000  0000-0000  7 الدخل الشهري )شٌكل اسرائٌلً(  1000< 
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زهىثبًّ 9 ٗضغ ٍٍبٓ اىششة فً اىَْاىجزء ا  
 سقٌ اىسؤاه االجبثخ
 7 ٕو رزؼبٍو ٍغ ٍحطخ ٍؼٍْخ اً ال؟ ٔؼُ ال
سهىٌخ اٌؾصىي ػًٍ  اٌّصذالُخ واٌضمخ
 اٌُّبٖ
اىسجت؟ارا مبّذ االجبثخ اىسبثقخ ّؼٌ , ٍب ٕ٘  عىدح اٌُّبٖ أفعً خذِخ سشَؼخ  8 
 01 ٍب ًٕ االسجبة اىزى رجؼيل رشزشي اىٍَبٓ ٍِ ٕزٓ اىَحطبد؟ ٍِىؽخ ُِبٖ اٌجٍذَخ وعىد ٌىْ ِؼُٓ فٍ ُِبٖ اٌجٍذَخ ِؼٍىِبد أخشي ػٓ اٌزٍىس
ٕو سأىذ ٍحطخ اىٍَبٓ ٍِ قجو ػِ ّسجخ االٍالح اىَ٘ج٘دح فً ٍٍبٓ  ٔؼُ ال
 اىزحيٍخ
00 
 01 ٍب ًٕ سؼخ اىخزاُ اىَْزىً؟ 
اىَذح اىَسزـشقخ ثٍِ مو ػَيٍخ رؼجئخ اىخزاُ؟ ٍب ًٕ   02 
 03 ٍب ٕ٘ ّ٘ع اىَبدح اىَصْ٘ع ٍْٖب اىخزاُ ؟ سزبٍُٔس سزًُ ثالسزُه غُش رٌه
 04 ٕو ؿطبء اىخزاُ ٍـيق ثشنو ٍالئٌ؟ ٔؼُ ال
 05 ٕو رزٌ ػَيٍخ رفشٌؾ اىخزاُ قجو رؼجئزٔ ثٍَبٓ ششة جذٌذح؟ ٔؼُ ال
X ُاىخزاُ؟ٕو ٌزٌ ؿسو ٗرؼقٌٍ  ٔؼ  06 
 07 ارا مبّذ االجبثخ اىسبثقخ ّؼٌ ٍب ًٕ اىَذح اىزٍٍْخ اىَقشسح ىيزؼقٌٍ؟ 
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 08 ٍب ًٕ اىَبدح اىَسزخذٍخ ىيزْظٍف ٗاىزؼقٌٍ؟ ِٕظفبد رغبسَخ وٍىس
ٕو ٍ٘قغ اىخزاُ ٍالئٌ ٍِ حٍش ثؼذٓ ػِ ٍصبدس اىزي٘س ٗاىـجبس  ٔؼُ ال
 ٗأشؼخ اىشَس؟
11 
ٍشنيخ فً طؼٌ اىٍَبٓ ٕو رقً٘ ثبثالؽ صبحت ارا شؼشد ثأُ ْٕبك  ٔؼُ ال
 اىَحطخ؟
20 
 11 ٕو رؼزقذ اُ ٕزٓ اىَحطبد رؼَو ػيى حو ٍشنيخ ّقص اىٍَبٓ اوافك ثشذح أوافك أػبسض أػبسض ثشذح




ثشذحأػبسض   13 ٕو رؼزقذ ثأُ اىسيطبد اىَؼٍْخ رقً٘ ثَشاقجخ ٗفحص ٕزٓ اىَحطبد؟ اوافك ثشذح أوافك أػبسض 
 14 ٕو ر٘افق ثأُ اىسيطبد اىحنٍٍ٘خ ٌجت ػيٍٖب دػٌ ٕزٓ اىَحطبد ؟  اوافك ثشذح أوافك أػبسض أػبسض ثشذح
ٕو حصيذ ػيى ّششاد ر٘ػٍخ ػِ اسزخذاً اىٍَبٓ ٍِ قجو اىسيطبد  ٔؼُ ال
 اىَؼٍْخ؟
25 
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APPENDIX (4) 
Results of water consumer questionnaires 
Question 2: Consumers age 
Age range (Years) Frequency percent Valid % Cumulative % 
18-25 41 10.3 10.3 10.3 
26-35 154 38.5 38.5 48.8 
36-45 132 33.0 33.0 81.8 
46-55 46 11.5 11.5 93.3 
more than 55 27 6.8 6.8 100.0 
Total 400 100.0 100.0  
 
Question 3: Consumers sex 
Sex Frequency percent Valid % Cumulative % 
Male 334 83.5 83.5 83.5 
Female 66 16.5 16.5 100.0 
Total 400 100.0 100.0  
Question 4: Education status 
Educational degree Frequency percent Valid % Cumulative % 
Elementary or below 25 6.3 6.3 6.3 
Secondary 103 25.8 25.8 32.0 
Diploma 58 14.5 14.5 46.5 
University and above 214 53.5 53.5 100.0 
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Total 400 100.0 100.0  
 
Question 5: Place of living 
Place Frequency Percent Valid % Cumulative % 
Deir El Balah 70 17.5 17.5 17.5 
Nusarat 66 16.5 16.5 34.0 
Maghazi 66 16.5 16.5 50.5 
Buraj 66 16.5 16.5 67.0 
Zahraa 66 16.5 16.5 83.5 
Zawaeda 66 16.5 16.5 100.0 
Total 400 100.0 100.0  
 
Question 6: Family members 
Family members Frequency Percent Valid % Cumulative % 
1-3 persons 47 11.8 11.8 11.8 
4-6 persons 122 30.5 30.5 42.3 
7-9 persons 145 36.3 36.3 78.5 
10 persons and more 86 21.5 21.5 100.0 
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Total 400 100.0 100.0  
 
Question 7: Average family income in NIS/month 
Income (NIS/month) Frequency Percent Valid % Cumulative % 
less than 1200 shekels 151 37.8 37.8 37.8 
1200-1800 shekels 138 34.5 34.5 72.3 
1800-2700 shekels 73 18.3 18.3 90.5 
2700-4000 shekels 31 7.8 7.8 98.3 
more than 4000 shekels 7 1.8 1.8 100.0 
Total 400 100.0 100.0  
 
Question 8: Dealing with one plant 
 Frequency Percent Valid % Cumulative % 
No 89 22.3 22.3 22.3 
Yes 311 77.8 77.8 100.0 
Total 400 100.0 100.0  
 
Question 9: The reason of deal with one plant 
Reason Frequency Percent Valid % Cumulative % 
Better Quality 178 44.5 57.2 57.2 
Fast Service 47 11.8 15.1 72.3 
Easy to get water 48 12.0 15.4 87.8 
Trust and credibility 38 9.5 12.2 100.0 
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Total 311 77.8 100.0  
Missing 89 22.3   
Total 400 100.0   
 
Question 10: The reason of buy water from Desalination Plants 
Reason Frequency Percent Valid% Cumulative % 
Salinity in municipality water 298 74.5 74.5 74.5 
color in municipality water 74 18.5 18.5 93.0 
other information about pollution 28 7.0 7.0 100.0 
Total 400 100.0 100.0  
 
Question 11: The capacity of the tank 
Capacity Frequency Percent Valid % Cumulative % 
200 liters 377 94.3 94.3 94.3 
500 liters 23 5.8 5.8 100.0 
Total 400 100.0 100.0  
 
Question 12: The duration between each filling of the tank 
Duration Frequency Percent Valid % Cumulative % 
less than 7 days 73 18.3 18.3 18.3 
7-10 days 170 42.5 42.5 60.8 
10-14 days 112 28.0 28.0 88.8 
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more than 14 days 45 11.3 11.3 100.0 
Total 400 100.0 100.0  
 
 
Question 13: Material of the tank 
Material Frequency Percent Valid % Cumulative % 
Stainless steel 12 3.0 3.0 3.0 
Plastic 388 97.0 97.0 100.0 
Total 400 100.0 100.0  
 
Question 14: The situation of the cover tank (well closed) 
 Frequency Percent Valid % Cumulative % 
No 13 3.3 3.3 3.3 
Yes 387 96.8 96.8 100.0 
Total 400 100.0 100.0  
 
 
Question 15: Do you empty the tank before you fill it with new water 
 Frequency Percent Valid % Cumulative % 
No 333 83.3 83.3 83.3 
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Yes 67 16.8 16.8 100.0 




Question 16: Do you clean and disinfect the tank 
 Frequency Percent Valid % Cumulative % 
No 363 90.8 90.8 90.8 
Yes 37 9.3 9.3 100.0 
Total 400 100.0 100.0  
 
Question 17: The time period for disinfection 
Duration Frequency Percent Valid % Cumulative % 
2 weeks 6 1.5 16.2 16.2 
2-4 weeks 11 2.8 29.7 45.9 
more than 4 weeks 20 5.0 54.1 100.0 
Total 37 9.3 100.0  
Missing System 363 90.8   
Total 400 100.0   
 
Question 18: Material used for disinfection and cleaning 
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Material Frequency Percent Valid % Cumulative % 
Detergents 28 7.0 75.7 75.7 
Chlorine 9 2.3 24.3 100.0 
Total 37 9.3 100.0  
Missing System 363 90.8   
Total 400 100.0   
 
Question 19: Does the location of the tank is far from the sun and dust? 
 Frequency Percent Valid % Cumulative % 
No 209 52.3 52.3 52.3 
Yes 191 47.8 47.8 100.0 
Total 400 100.0 100.0  
 
Question 20: Did you inform the owner of the desalination plant if you feel that there is problem in water? 
 Frequency Percent Valid % Cumulative % 
No 364 91.0 91.0 91.0 
Yes 36 9.0 9.0 100.0 
Total 400 100.0 100.0  
 
Question 21: Do you agree that these plants contribute in solving water crisis?      
 Frequency Percent Valid % Cumulative % 
strongly agree 92 23.0 23.0 23.0 
Agree 267 66.8 66.8 89.8 
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dis agree 30 7.5 7.5 97.3 
strongly dis agree 11 2.8 2.8 100.0 
Total 400 100.0 100.0  
 
 
Question 22: Do you agree that these plants will improve the water services? 
 Frequency Percent Valid % Cumulative % 
strongly agree 88 22.0 22.0 22.0 
Agree 264 66.0 66.0 88.0 
dis agree 35 8.8 8.8 96.8 
strongly dis agree 13 3.3 3.3 100.0 
Total 400 100.0 100.0  
 
Question 23: Do you think that formal authorities which concerned in water issues do positively to monitor these companies to en-
sure water quality? 
 Frequency Percent Valid % Cumulative % 
strongly agree 9 2.3 2.3 2.3 
Agree 33 8.3 8.3 10.5 
dis agree 261 65.3 65.3 75.8 
strongly dis agree 97 24.3 24.3 100.0 
Total 400 100.0 100.0  
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Question 24: Do you agree that the concerned authorities should support these plants? 
 Frequency Percent Valid % Cumulative % 
strongly agree 181 45.3 45.3 45.3 
Agree 186 46.5 46.5 91.8 
dis agree 25 6.3 6.3 98.0 
strongly dis agree 8 2.0 2.0 100.0 
Total 400 100.0 100.0  
Question 25: Did you receive any awareness publications about water pollution from concerned authorities? 
 Frequency Percent Valid % Cumulative % 
No 365 91.3 91.3 91.3 
Yes 35 8.8 8.8 100.0 
Total 400 100.0 100.0  
 
 
Question 26: Did you participate in lectures or workshops concerning water and pollutions? 
 Frequency Percent Valid % Cumulative % 
No 362 90.5 90.5 90.5 
Yes 38 9.5 9.5 100.0 
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Chemical analysis for water samples (MoH, 2012) 
Plant No. PH TDS NO3 CL Hardness Ca Mg K Na 
1 7.7 170.8 12 28.6 42.6 10.4 4.3 0.6 18.6 
2 8.06 119 20.6 29 35.5 10.5 2.3 0.2 28 
3 7.27 67 18.1 21 11 3 1 0 21 
4 7.43 159 16.1 35.7 65.4 20.9 3.2 0.1 16 
5 6.48 72.8 8 36.6 17.4 1.5 3.3 0.4 17.5 
6 7.3 97.8 19.4 25 30.9 7 3.3 0.3 21 
7 7.97 107.6 13.1 40 34.3 12.3 0.9 0.2 24.5 
8 8.44 121.6 18.2 38 34.3 7.7 3.7 0.3 30 
9 6.98 68.4 4.5 25 32.9 7 3.8 0.3 9 
10 5.89 51.2 13.7 17.3 10.2 1.6 1.5 0.2 15 
11 6.08 65.4 2.3 27 5.8 0.8 0.9 0.4 17.5 
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12 6.47 90.3 4.8 38.5 9.7 1.5 1.4 0.3 21.5 
13 6.3 108.3 17.3 46.2 36.7 11.6 1.9 0.2 22 
14 5.97 82.4 5.4 38.5 4.1 0.8 0.5 0.2 25 
15 5.68 99 17.7 30.8 18.3 2.4 3 0.3 26 
16 5.91 66.2 10.1 28.9 14.2 1.6 2.5 0.3 17.5 
17 6.54 70.2 2.4 28.9 22.3 3.2 3.4 0.1 17.5 
18 5.57 75.3 3.4 36.6 5.9 1.1 1.4 0.2 22 
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APPENDIX (6) 
Microbiological analysis for water samples 




Plant No. TC FC 
1 0 0  
2 0 0 
3 0 0 
4 50 0 
5 0 0 
6 0 0 
7 0 0 
8 0 0 
9 0 0 
10 0 0 
11 0 0 
12 0 0 
13 0 0 
14 0 0 
15 0 0 
16 0 0 
17 0 0 
18 0 0 
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Home Tanks and Delivery tucks 
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